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ABSTRACT 
An experiment was conducted at the International Crops 
Research Institute for the Semi-Ar id Tropics <rCRISAT), located 
25 Km northwest of Hyderabad, in 1984-85 with an objective of 
evaluating alternate cropping systems and identifying the most 
promising systems for shallow black soils (Inceptisols). Four 
sole cropping systems (sole sorghum, sole pearl millet, sole 
pigeonpea and sole groundnut), four intercropping systems 
(sorghum/pigeonpea, pearl millet/pigeonpea, groundnut/pigeonpea 
and pearl millet/groundnut), three sequential systems (mung 
followed by early pigeonpea, safflower or setaria) and a ratoon 
cropping system with a short-duration pigeonpea cultivar were 
evaluated in a randomized block design with three replications. 
All operations except harvest and threshing were carried out by 
animal-drawn wheeled tool carrier. 
Intercropping systems showed higher land producti vi ty than 
sole cropping. Pearl millet/pigeonpea was 36% more productive, 
pearl mil1et/groundnut-32%, and groundnut/pigeonpea-23% more 
productive over their respective sole crops. Sorghum/pigeonpea 
showed somewhat lower advantages at 14% over sole cropping. 
Groundnut among sole crops and groundnut/pigeonpea among 
interc.rors were the most remunerative cropping systems with net 
profits of Rs 3867 and Rs 3700 ha- l respectively. 
Other promising systems that gave profits about Rs 3000 ha- l 
were sorghum/pigeonpea, pearl millet/groundnut and sole sorghum. 
The sequential cropping systems with returns of only Rs 1756 to 
Rs 2202 ha- l were significantly less profitable than some of the 
most promising intercrop or sole crop systems. Although the 
ratoon system with early pigeonpea (cv. IePL 87) gave better 
returns (Rs 2576 ha- l ) than the sequential systems, it was still 
less remunerative than sorghum or groundnut-based systems. 
Establishment of pearl millet in sole cropping and intercropping 
with pigeonpea got delayed due the failure of the first planting 
and consequently they gave very low returns. 
The wheeled tool carrier was a versatile equipment. It can 
be used for all operations including land preparation, broadbed-
and-furrow formation, sowing of different cropping systems, and 
interculturing without any difficulty. However, care must be 
taken while planting small seeded crops such as millets which 
require shallow planting. 
It can be concluded that full season sole crops such as 
sorghum, groundnut or intercropping systems with pigeonpea are 
the best options for shallow black soils. 
INTRODUCTION 
Insufficient and erratic rainfall is the general 
character istic of the semi-arid tropics (SAT). Rainfall is 
confined to only a limited period of 3 to 4 months, leaving rest 
of the year relatively dry. More than 70% of the cultivated area 
of India is lying in the SAT (Ryan et a1., 1974). Crops in much of 
this area are grown only on rainfall. As a result, agricultural 
production in this region is highly dependent on rainfall and its 
distribution. 
Soils vary widely in the semi-arid India, but in the Deccan 
plateau black soils of different depth (deep, medium and shallow) 
and Alfisols (red soil) are the predominant soil groups. Cereals 
such as sorghum, pearl millet and setaria, and legumes such as 
pigeonpea mung bean and chickpea are the major food crops; 
groundnut is the chief cash crop. Intercropping involving these 
crops is widely practised. Cropping on lighter soils is confined 
to the rainy season but on heavy deep black soils, that hold more 
than 200 mm of available moisture, crops are grown only in the 
postrainy season on the stored moisture. Thus, cropping intensity 
in either case is low. Crop yields generally are very low (500 to 
700 Kg ha- l ) because of poor management and supply of little or 
no inputs (El Swaify et a1., 1985). 
Rainfed agriculture has been receiving a great deal of 
attention in recent years at the international and national 
levels. The International Crops Research Institute for the Semi-
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Arid Tropics (ICRISAT) has been working in the past twelve years 
to develop improved crop production systems for different 
agroclimatic regions of the SAT India. Their approach is on a 
watershed basis integrating improved soil, water, and crop 
management technologies for increased and stable crop yields. The 
technologies for deep black soils consisted of graded broadbed-
and-furrow system, cropping in the rainy and postrainy seasons, 
and execution of operations by an improved animal-drawn wheeled 
tool carrier and its accessory equipment. The improved technology 
has been found to give about 4 t ha- l of crop yields or six times 
greater income than the traditional system of single postrainy 
season crop (Ryan and Sarin,l981). Intercropping of long 
duration crops such pigeonpea or double cropping by sequential 
planting of two short duration crops such as maize or sorghum 
followed by chickpea or safflower were found to be the most 
profitable cropping systems (Reddy and Willey,1982). Studies have 
shown that on Alfisols a combination of flat cutivation on 
grade, intercropping with pigeonpea or sole crops of castor, 
sorghum etc. and good crop management can improve crop yields 
substantially (El Swaify et al.,1985; Randhawa and 
Venkateswarlu,l98l). Improved cropping system was a key component 
of the new technology on both the types of soils and was 
generally readily accepted by farmer s(Virmani -et al., 1985) . 
.......... -
Shallow black soils (Inceptisols) constitute nearly one 
third of the Vertisoil group (27.1 million hal in India. Because 
of light texture and shallow depth (15 to 30 cm), they hold less 
available moisture (50 to 100 mm) in the profile. Inspite of 
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some physical differences these soils closely resemble Alfisols 
in terms of moisture environment, and like Alfisols they are also 
cropped only in the rainy season. Whenever there are long dry 
spells dur ing the rainy season, crops are subj ected to moisture 
stress. The rainfall is generally more than sufficient for a 
single crop but may not be sufficient for planting another crop 
in sequence. There is a need to explore alternative cropping 
systems to effectively utilize the seasonal water. Intercropping 
based on long season crops such as pigenpea or ratoon cropping 
that extend cropping beyond the rainy season may be more 
important for these soils. Double cropping with two full season 
crops may not be possible but sequential planting with very early 
maturing crops such as mung, setaria may be possible. The shallow 
black soils have not received enough attention at ICRISAT and the 
national Programs. Thus, there is a need for identifying 
efficient cropping systems for these soils to improve returns for 
the beneficial of large population that live on these soils. 
Hence the present experiment was conducted with the following 
objectives: 
1) to explore the possibili ty of increasing the cropping 
intensity on shallow black soils by intercropping, 
sequential and ratoon cropping systems, 
2) to identify promising cropping systems for shallow black 
soils, and 
3) to identify operational problems associated with the 
practice of different cropping systems. 
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REVIEW OF LITERATURE 
Various terms of cropping systems used in this thesis are 
first defined to avoid confusion in understanding them. These 
definitions are based on the most widely accepted opinions 
(Andrews and Kassam, 1976; Willey, 1979). 
2.1 Definition of Cropping Systems 
1. Sale Cropping 
It is defined as growing of one crop variety in a pure stand 
in a given season at the recommended rate of plant population. 
2. Multiple cropping 
Growing of two or more crops on the same field in a given 
year in time or space • It extends cropping beyond one season and 
allows to harvest more than one crop. 
a) Intercropping - Intercropping is growing of two or more 
crops simultaneously on the same area of land. The crops are not 
necessarily sown and harvested at the same time, but usually 
involves a substantial period of overlap in their growing period. 
Crop intensification is both in time and space dimensions. 
Intercropping would have a distinct reproducible spatial 
arrangement which is not the case in mixed cropping. 
b) Relay cropping - This is the system where a second crop 
is sown into a standing crop shortly before its harvest. The 
system is distinguished from intercropping by the short period of 
overlap which may not cause of any significant crop competition. 
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c) Sequential cropping - This refers to a sequence of two 
sole crops grown one after the other, where the second crop is 
sown immediately after harvest of the first crop with minimum 
turn around. Crop intensification in this system is in time 
dimension. 
d) Ratoon cropping - The practice of removing the apical bud 
of crop plants and activating their lateral buds to produce a 
new crop is known as ratoon cropping (Plucknett et al. 1970). 
The ratoon growth can be managed for grain or for fodder. 
2.2. Improved Cropping Systems 
2.2.1. Sequential Cropping 
The productivity per unit area per unit time can be 
increased by increasing the cropping intensity. This could be 
achieved by a suitable combination of crops in sequence (Singh,et 
a1., 1980; Hedge and Patil, 1981). Each crop in a multiple 
cropping system need not give the maximum yield but should be 
such that the combined yields of all components in the system 
should give maximum production or return per unit of the cropped 
area (La1 and Ray, 1976). 
Sequential cropping in rainfed is frequently observed where 
rainfall exceeds 1000 mm and on soils having a storage capacity 
of 150 to 200 mm of available moisture (Krishnamoorthy et a1., 
1978; Spratt and Choudhury, 1978). However, recent studies 
showed that double cropping was possible even in slightly lower 
rainfall areas by using short duration varieties and improved 
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soil and water management practices ( Krantz .e..t .al., 1978; 
Suraj Bhan and Khan 1981. Timely crop establishment is very 
crucial in sequential cropping (Rao and Willey, 1980). 
2.2.2. Intercropping 
Intercropping has been an age-old practice associated with 
subsistance agriculture in developing countries of the tropics 
(Aiyer, 1949; Okigbo and Greenland, 1976). There has been a 
growing interest in intercropping as a potential system for 
increased crop production and for achieving greater yield 
stability in drylands (Rao and Willey, 1980; Singh and Jha, 1984; 
Wade and Sanchez, 1984; Willey, 1979). If one crop fails or 
grows poorly, the other crop might compensate and avoid total 
crop failure. Such a compensation would not be possible if crops 
are grown separately (Willey, 1979; Rao and Willey, 1980; Pearce 
and Edmondson, 1982). 
A guiding principle for developing improved intercropping 
systems should be to maximize complementarity and minimize 
competition between the component crops (Willey, 1979). Greater 
yield advantages are likely to occur when the growth pattern of 
the component crops differ in time, so that crops make their 
major demand on growth resources at different times of the 
season/year (Rao and Willey, 1980). 
Intercropping for a long time was considered appropriate 
only to low input agriculture and many expressed doubts about its 
worthiness for high input conditions (Charreau 1977). 
Nevertheless, recent work has shown that intercropping offers 
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substantial yield advantages even under medium to high levels of 
technology(Beets, 1975, Krantz,198l, Singh,198l>. Baker (1974) 
expressed that the system could lend itself to mechanization, at 
least for sowing and weeding during the early stages of crop 
growth. Most of the operations in intercropping experiments 
conducted at ICRISAT including planting and interculturing have 
been carried out using bullock-drawn implements (ICRISAT, 1983). 
Cereal/legume intercrops are particularly important because such 
systems provide the calories and proteins required for 
subsistance farmers, and the presence of legumes may al so help 
economizing nitrogen needs of crops that follow in rotation 
(Agboola and Fayemi, 1972); Ahmed and Gunasena, 1979; Agboola and 
Fayemi, 1972). 
a) Intercropping Systems Based on Long Duration Crops 
The slow growing and late maturing crop such as pigeonpea 
provides an excellent opportunity to grow short season crops in 
the inter-row space before they cover the ground(Rao and Willey, 
1983). Pigeonpea is intercropped with cereals such as sorghum, 
maize or millet and legumes such as groundnut or cowpea. 
Sorghum/pigeonpea is widely grown in the semi-arid Deccan Plateau 
of India on a variety of soils (Aiyer, 1949). This system has 
received a great deal of attention in recent years at ICRISAT and 
national research centers. The findings were that i) an 
arrangement of 2 sorghum: 1 pigeonpea is most appropriate, ii) 
both crops should be planted at their respective sole crop 
optimum population (i.e. about 150000-180000 plants of cereal and 
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40000 to 50000 plants ha- l of pigeonpea), and iii) the improved 
genotypes are appropriate to intercropping (Rao and Willey, 
1983). The improved system yielded 90 to 100% of sorghum and 50 
to 60% of pigeonpea giving about 50% yield advantage over sole 
cropping. Intercropping of pigeonpea with pearl millet was better 
than with other cereals in low rainfall and lighter soils (Rao 
and Willey, 1983; Rao ~ al., 1982). This system also required a 
row arrangement of 2 pearl millet: 1 pigeonpea and additive 
populations. Since millet matured earlier than pigeonpea it was 
least competitive to pigeonpea and allowed a high proportion of 
the sole crop yield; so the LER advantage of millet/pigeonpea 
was as high as 60 to 80% (Rao and Willey,1983). 
Pigeonpea is widely intercropped with groundnut on red 
soils, shallow black soils and alluvial soils. In studies at 
ICRISAT, pigeonpea was spaced at 1.35 to 1.5 m apart and 5 
groundnut rows were planted between 2 pigeonpea rows at a very 
close row spacing maintaining the sole crop optimum 
populations (ICRISAT,1982). The system yielded about 80% of each 
crop giving about 60% yield advantage over sole cropping. 
Several other workers also reported substantial yield advantage 
with pigeonpea/groundnut (Seshadri ~ 41.,1956; Appadurai and 
Sevaraj, 1974; Veeraswamy ..e..t .al., 1974). 
Fertilization of cereal/legume intercropping systems parti-
cularly with nitrogen, has been a complex issue. Studies indi-
cated that the intercropped cereal responds to nitrogen fertili-
zation similarly as the sale crop. Therefore, a general strategy 
could be to apply phosphatic fertilizers as basal to both the 
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components and top dress the cereal component later with 
addi tional nitrogen (Reddy et al., 1982). 
b) Intercropping with Short Duration Annuals 
Intercropping cereals with low canopy legumes or oil seed 
crops is widely practiced in the semi-arid tropics(Singh and 
Singh, 1978). The most predominant systems are sorghum or pearl 
millet intercropped with groundnut, soybean or cowpea. The 
temporal difference between the components in these systems is 
much less and complementary effects could be lower than that 
observed in the temporal systems described earlier. However, 
worthwhile yield advantages could still be possible due to 
spatial differences in leaf canopies and root systems (Willey ~ 
Al., 1982). Millet/groundnut was examined in detail at ICRISAT 
in India and also in African countries (Gunad, 1980; Yayock, 
1981; Osiru and Kibira, 1981; Reddy and Willey, 1982). At 
ICRISAT,an arrangement of 1 millet: 3 groundnut planted in a 
replacement system (i.e 100% total plant population and each crop 
planted at the same within the row spacing as the sole crop) gave 
50% millet and 75% groundnut, giving about 25% yield advantage 
over sole crops (Willey ~ Al. 1982). 
Gunad (1980) reported that in the Sahel of West Africa, 
millet/groundnut intercropping systems (millet - 10000 hills ha-1 
and groundnut -166666 plants ha_l) performed well in a good 
rainfall year, giving 2 t/ha of millet and 0.25 t/ha of shelled 
groundnut. 
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c) Resource Utilization by Intercropping Systems 
Fewer studies have quantified the resource utilization by 
intercrops. Since light is fixed in any particular environment, 
efforts must be made to make efficient use of it. This may 
partly be achieved by mixed culture of crops having different 
canopies(Natarajan and Willey,19BO). Reddy and Willey (19Bl) 
observed that millet/groundnut intercrop utilised light much more 
efficiently than sole crops. Their observations were fUrther 
confirmed by Marshall and Willey (1983). 
Many workers observed that intercrops take up more nutrients 
than the sole crops (Baldy, 1963; Dalal, 1974; Hall, 1974b; 
Natarajan and Willey, 1980a; Reddy and Willey, 1981). For 
instance, Hall (1974) reported a considerable increase in 
potassium uptake by intercropping of Setaria and ~m~m, 
whereas Dalal (1974), Natarajan and Willey (1980a), Reddy and 
Willey (1981) reported greater uptake of all the major nutrients 
by intercrops compared to sole crops. 
Water is the most important limiting factor of crop 
production in the semi-arid tropics. Baker and Norman (1975) 
observed that advantage due to intercropping could be attributed 
in many instances to higher water use efficiency. Natarajan and 
Willey (1980b) in their studies on pigeonpea/sorghum noted that 
the total water use by sole pigeonpea and sorghum/pigeonpea 
intercrop which occupied the land for similar duration was nearly 
equal. Reddy and Willey (1981) observed that water use 
efficiency by a millet/groundnut intercrop was higher than with 
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sole crops particularly in a dry season. 
2.3.3. Ratoon Cropping 
Ratoon cropping has some distinct advantages viz i) it 
avoids seed bed preparation for the second crop, ii) it produces 
a second crop in a short period, and iii) some additional yield 
is obtained even with less moisture and less 
fertilization(Plucknett,S! al.,1970). The major disadvantages are 
that i) pests and diseases would be more on the ratoon crop, and 
ii) it yields lower than the main crop. Sorghum amongst cereals 
and pigeonpea amongst pulses produce good ratoon growth which can 
be managed to produce a second harvest. 
The success of ratoon cropping depends on i) soil moisture 
at harvest of the first crop, and ii) regenerative ability of the 
cultivar, <Sharma et !.l., 1978). Reddy and Willey (982) reported 
that in good rainfall years ratoon sorghum produced grain yield 
equivalent to 50% of the first crop. They further observed that 
ratoon sorghum failed frequently due to drought and shootfly 
attack. The improved sorghum genotypes generally showed better 
ratoonability than the locals. 
Ratooning of pigeonpea for grain is rather a new 
development. Sharma et~. (1978) observed that the short 
dUration pigeonpea genotypes produced good ratoon growth and gave 
similar yields as the main crop. ICRISAT pigeonpea breeders 
developed early matur ing pigeonpea (rCPL 87) which was shown 
to have good ratoon potential (ICRISAT, 1981) This variety 
-1 
produced under irrigation 2380 kg ha in the first harvest and 
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2120 and 1000 kg ha- 1 in the two subsequent ratoon crops giving a 
total of 5500 kg ha-1 over 213 day cropping period. However, the 
potential of this ratoon system was lower in dryland condition. 
studies in ICRISAT Farming Systems Program showed that yield of 
the rainy season crop was as good as any other legume but the 
ratoon yield was not very high compared to other postrainy season 
crops(ICRISAT,198S) . 
2.4. Influence of Cropping System on weeds 
The canopy of an intercropping system covers the ground 
quickly because of the presence of two or more crops, and it 
facilitates to suppress weeds. Several workers reported that the 
weed density and weed growth were less in intercropping than in 
sole crops ( Kondap, 1981; Moody and Shetty,l98l). Several 
biological factors such as spacing, crop variety, density and 
fertilization influence weed growth in a cropping system (Moody 
and Shetty,l981). Spreading genotypes, close spacing, and high 
plant density and fertilization generally reduced weed growth in 
intercropping. Rao and Shetty (976) noted that weeding 
requirement can be reduced in widely spaced and slow growing 
crops such as pigeonpea by introducing quick growing intercrops. 
Shetty and Rao (19811 observed that weed growth in an 
intercropping system of very contrasting crops would be 
intermediate to that observed in the respective sole crops. They 
found that in a millet/groundnut intercropping, the rOW 
arrangement of 1 pearl millet: 3 groundnuts resulted in optimum 
weed suppression and maximum intercrop advantage. 
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Light is one of the important factors in the crop - weed 
balance; therefore, manipulation of light should be one of the 
approaches for better management of weeds (Moody and Shetty, 
1981; Mugabe et al., 1982; Pattersun,1982); They found that by 
choosing suitable components, it was possible to manage certain 
weeds. Furthermore, their work indicated that shading suppressed 
propagation of certain weeds, for instance, Cyperus spp. 
2.5. Methods of Evaluating Cropping Systems 
Since crops differ in different cropping systems, indices 
used to evaluate them should be such that they enable to ~ombine 
the yields of the component species in the systems (Rao and 
Willey, 1978). 
Several methods have been developed to assess intercropping 
systems. The Competition Index deve1o{5ed by Donald (1963), the 
Relative Yield Total suggested by De Wit and Van Den Bergh 
(1965), and the Competitive Ratio by Willey and Rao (1980) help 
to assess the competition between species in intercropping. The 
Land Equivalent Ratio (LER) suggested by IRRI (1974), helps to 
quantify whether or not an intercropping system is auv~ntageous 
over sole cropping, and if so, by how much. LER is defined as 
sum of the relative land areas required as sole crops to achieve 
the same yields as from 1 ha of intercropping (Willey, 1979). It 
is calculated as follows: 
Ya Yb 
LER = La + Lb = + where La and Lb are 
Sa Sb 
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LERs of the individual crops. Ya and Yb are the individual crop 
yieds in intercropping, and Sa and Sb are the respective sale 
crop yields. A ratio > 1 indicates an advantage for 
intercropping, and a ratio < 1 indicates a disadvantage for 
intercropping. LER indicates the biological efficiency of growing 
two or more crops together in intercropping in a given 
environment. LER is a ratio and large values could be obtained 
simply because of low yields of sole crops; so sole crops should 
be managed very well to obtain the potential yields. Some doubts 
have been expressed on whether LERs follow normal distr ibution 
and they can be analysed. However, Oyejola and Mead (982) 
observed that LERs tended to be normally distributed if sole crop 
yields averaged over all replications are used for calculation of 
individual plot LERs. They suggested that LERs calculated on that 
basis can be subjected to analysis of variance. Willey (1985) 
reviewed the merits and demerits of LER and other methods of 
evaluating intercropping systems. 
Yields of crops in intercropping can be combined on the 
basis of nutritive value of component crops such as calorie, fat, 
crude protein, lysine, and methionine (Beets, 1977) or on 
monetary basis (Willey, 1979). 
Monetary returns is the most practical method of evaluation 
when different types of systems are to be compared (Perrin et 
£1.,1979). One limitation of this method is that since prices 
vary frequently over time and space, relative ranking of systems 
may not remain the same. However, to avoid this problem cropping 
systems may be compared at different price ratios of crops so 
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tbat inferences can be drawn quickly for any price situation 
(Perrin et a1.,1979; Reddy et a1.,1982). While comparing 
cropping systems the practical difficulties encountered in the 
field should also be taken into account. Other criteria worth 
considering are labour demand and operational expenses. 
2.6.Comparison of Cropping Systems in Semi-Arid India 
The choice of a cropping system at any particular location 
is dependent on the length of the available moisture period. The 
moisture period itself is dictated by the rainfall and soil type. 
In traditional cropping systems there are periods when the land 
is kept fallow or underutilized. The local varieties are also 
late maturing and occupy land for a greater part of the season 
leaving less scope for double cropping (Swaminathan and 
Rao, 1970). However, the availabil i ty of early-matur ing genotypes 
coupled with improved soil and water management and agronomic 
practices enabled to intensify cropping even in the drylands 
(Swami nathan and Rao,1970; Krantz et a1.,1978). 
Medium to deep black soils in high rainfall areas (>750 mm) 
provide 6 to 7 months of cropping period. This can be utilized 
effectively by either intercropping based on long duration crops 
such as pigeonpea and cotton or sequential cropping where two 
crops are grown one after the other (Kr ishnamorthy ~ a!., 1978). 
Studies at ICRISAT showed that instead of keeping the land fallow 
as in the traditional system a rainy season crop of maize can be 
successfully grown on these soils without greatly affecting the 
postrainy season crop. sequential system of maize followed by 
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chickpea, safflower, or a short-duration pigeonpea were also 
found to be very productive giving about 3 t ha- 1 of maize and 
about 1 ton ha- l of a pulse or oil seed crop (Reddy and 
Willey,1982). Sorghum was also examined as a possible rainy 
season crop. Although it was a good alternative to maize, the 
postrainy season crops following sorghum were less productive 
compared to those after maize especially in a relatively low 
rainfall year. Other double cropping systems examined were mung-
sorghum, mung-chilli, sunfflower-chickpea etc but the 
productivity of these systems was lower than some of the systems 
mentioned earlier. Crops such as sorghum, pigeonpea or chilli 
generally showed positive response to early sowing in the 
postrainy season, so relay sowing of these crops 2 to 3 weeks 
before harvest of the rainy season crop increased their yield. 
Although relay sowing was feasible when carried out in small-plot 
exper iments, it was not practicable in operational-scale exper i-
ments. Promising double cropping systems in high rainfall areas 
(e.g Madhya Pradesh) were rice or soybean in the rainy season 
followed by wheat, lentil, chickpea or safflower in the postrainy 
season (Willey et ~l., 1985). 
Cereal/pigeonpea intercrops have been found to be very 
successful cropping systems on Vertisols. These were grown at an 
arrangement of 2 rows cereal: 1 row pigeonpea with populations of 
each crop the same as the recommended sole crop population. On 
average, cereal yields were about the same as in sole cropping 
and pigeonpea yields were approximately similar to the yield of 
chickpea in a sequential system. 
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Comparison of several cropping systems in operational scale 
testsindicated that on medium to deep black soils the pigeonpea-
based intercropping systems were more remunerative than 
sequential systems particularly in years when the rains end 
early. In such years establishment of the postrainy season crops 
becomes difficult due to the drying out of the surface soil. 
Since both crops in intercropping are planted in the beginning of 
the rainy season there is no risk in the establishment of the 
postrainy season crop. Studies have also indicated that 
operational expenses were less in intercropping as it avoids 
cultivation and fertilization for the second crop, and that 
returnsfrom intercrops were less variable (RaoandWilley, 1980, 
Ryan and Sarin,1981, Singh Jha,l984). Ratoon systems with sorghum 
did not compare very well with other 2-crop systems but ratooning 
of early pigeonpea appeared to be promising (ICRISAT, 1985). 
Shallow black soils and other lighter soils provide only 4 
to 5 months of cropping period. The types of cropping systems 
appropriate for this environment are i) intercropping of short 
dUration crops (e.g.pearlmillet/mung orgroundnut), ii) 
intercropping with long duration crops (groundnut/pigeonpea, 
cereal/pigeonpea), iii> full season sole crops (sorghum, 
groundnut, castor etc.) and iv) ratooning of sorghum or 
pigeonpea. There is little scope for double cropping with full 
season crops but however, there might be some possibilities with 
very short duration crops/cultivars especially by resorting to 
relay planting, transplanting of cereals etc. (Reddy and Willey, 
1985) • 
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Some possible cropping systems options for red soils were 
evaluated at ICRISAT Center in small-plot and operational-scale 
plot experiments. Intercropping systems of pigeonpea or castor 
with groundnut were the most remunerative followed by cereal/ 
pigeonpea systems. Pearl millet/groundnut intercrop gave 
comparable returns as some cereal/pigeonpea intercrops in high 
fertility but it gave higher income than cereal/pigeonpea systems 
under low fertility. It was possible to grow drought tolerant 
and short duration crops such as cowpea or horse gram 
(Macrotylom~ uniflorum) in normal and above normal rainfall years 
following an early pearl millet but these sequential systems 
were not as profitable as intercrops. Ratoon systems with sorghum 
or pigeonpea gave some extra yield but again the total returns 
were not as high as those from intercrops(ICRISAT,1984,198S). 
Evaluation of a limited number of cropping systems was 
carried out on shallow black soils. SorgbuOi/pigeonpea, mung 
bean/castor, groundnut/pigeonpea intercrops gave high returns 
which in some years compared very well with those from medium to 
deep black soils (Rs 6000 ha-1 ). The early pigeonpea did not 
compare well with the medium duration pigeonpea. Mung 
bean/sorghum intercrop was the least productive system under nil 
fertilizer and its returns with fertilizer averaged only half of 
those from sorghum/pigeonpea. The potential of double cropping 
systems for shallow black soils was not explored (ICRISAT,1984 
and 1985). Thus the results highlight the importance of 
intercropping systems for the red and shallow black soils. 
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MATERIALS AND METHODS 
3.1 Location 
The experiment was conducted at ICRISAT Center about 25 km 
o 
northwest of Hyderabad (17 N, 500 m elevation) during the rainy 
(Kharif) and postrainy (Rabl) seasons of 1984 - 85 (from June 
1984 to February 1985). 
The experimental plot was of a shallow black soil 
(Inceptisol) that has low water holding capacity (about 75 mm of 
available water), and hence subjected to rapid moisture 
depletion. The physical and chemical characteristics of the 
soil are given in Tabl es la and lb. The mechanical composi t ion 
of the soil was determined according to the conventional schemes 
of the International Society of Soil science (ISSS) for 
classification of textural fractions of soils. Total nitrogen 
content of the soil was determined by the Kjeldahl method as 
described by Bremner (1965). Available phosphorus was 
determined by the Olsen's method (Olsen and Dean 1965) and 
available potassium by atomic absorption spectro photometer. 
Table la: Physical properties of the soil under experimentation. 
Depth 
( cm) 
0-15 
15-30 
30-60 
------ - - - - - -. - - - - - - - - - -----Mechanical Composition 
Gravel course sand Fine sand Silt Clay 
------------------------------(%)------------------
16 22 24 11 27 
54 8 6 9 23 
58 8 6 9 19 
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Table lb: Chemical properties of the soil under experimentation 
Depth 
(cm) 
pH EC 
0-15 8.3 
15-30 8.3 
m mhos/cm 
0.15 
0.14 
Organic 
carbon 
(%) 
0.63 
0.40 
Total Available Available 
N P K 
--------------(ppm)-----------
740 
569 
4 
2 
178 
100 
The soil was shallow in depth which generally varied from 0 
to 30 cm. There was a murrum layer below 30 cm which is a 
hardened layer of gravel and clay. This can restrict the growth 
of the roots. The gravel content increased to >50% below 15 cm. 
The soil can be classified as a gravelly sandy clay loam. The 
nutrient status of the soil was low, particularly in respect Q~ 
nitrogen and phosphorous. It was medium in available potassium. 
Therefore, crop yields would be extremely low if nutrients are 
not supplemented through fertilizers. The soil was alkaline in 
reaction. 
3.2 Climate 
The climate of ICRISAT Center is typical of a semi-arid 
tropics characterized by short rainy season (3 to 4 months) and a 
prolonged dry weather (8 to 9 months). The normal rainfall of the 
site, averaged over 60 years data, is 760 mm. About 86% of 
this rainfall is received during the rainy season - June to 
October. An average of 53 mm of pre-monsoon showers are received 
during the month of April and May. The postrainy season is 
relatively dry. The mean annual maximum temperature is 35.5 C and 
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o 
the minimum is 18.5 C. The average daily pan evaporation varies 
from 3.B to 12.3 mm. 
The total rainfall received during the period of 
experimentation from June 1984 to February 1985 was 599.5 mm; 
510.9 mm of that rain was received from June to September and 
88.6 mm from October to February. About 31 mm was received during 
the pre-monsoon period from April to May 1984. The rainfall from 
June to December was 15.6% less than that of the normal (719 mm) 
rainfall for this period. Mean Maximum and minimum temperatures 
o 
were 30.4 and 17.2 C respectively. The average daily pan 
evaporation was 5.2 mm/day from July to December 1984. 
Climatological parameters from June 1984 to February 1985 are 
given in the Appendix I and Fig.l. 
3.3 Cropping History 
The experimental plot for the past three years was under a 
cover crop (maize or sorghum) during the rainy season and fallow 
during the postrainy season. The crops were fertilized uniformly 
with about 75 kg/ha of diammonium phosphate applied before 
planting and with 42 kg N/ha top dressed after interculture. 
General management was not at a high level, so weed infestation 
had increased over years in the field. The area was cultivated 
into 150 cm broadbed-and-furrows. 
3.4 Experimental Details 
Twelve different cropping systems were evaluated for their 
biological and economic performance on shallow black soils. The 
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details of the systems are as follows: 
~ ~ Systems 
1. Sorghum 
2. Pigeonpea 
3. Groundnut 
4. Pearl millet 
Intercrop Systems 
5. Sorghum/Pigeonpea 
6. Pearl millet/Pigeonpea 
7. Groundnut/Pigeonpea 
8. Pearl millet/Groundnut 
Seguential Systems 
9. Mung - Early Pigeonpea 
10. Mung - Safflower 
11. Mung - Setaria 
Ratoon System 
12. Early Pigeonpea-Ratoon 
The systems involved only the most commonly grown crops of 
the region. Four ICRISAT mandate crops, sorghum, groundnut, 
pigeonpea and pearl millet were included. Sorghum, groundnut and 
pearl millet were grown as full season sole crops in the rainy 
season and also as intercrops with a long duration crop such as 
pigeonpea. Early maturing and drought avoiding crops such as 
mung bean, early pigeonpea, safflower and setaria were considered 
for sequential double cropping systems. Crops were grown 
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entirely under rainfed conditions. Crop varieties used in the 
systems and their approximate duration are furnished in Table 2. 
Table2: Crops and crop varieties and their approximate days to 
maturity 
Crops Varieties Approximate days to 
maturity 
sorghum (Sorghum bicolor) CSH 9 100 
Pearl millet BK 560 80 
(Pennisetum americanum) 
Groundnut (Arachis bypogaea) R-33-l 140 
Pigeonpea (Cajanus cajan) rcp 1-6 170 
Mung bean (yigna radiata) PS-16 65 
Safflower (Carthamus tinctorius) Mangira 100 
Setaria (Setaria italica) STA 326 75 
Early pigeonpea (Cajanus cajan) rCPL-87 120 
The above twelve treatments were examined in a Randomized 
Block Design having three replications. The plot size was 120 m2 
consisting of four broadbed-and-furrows, each of which was 1.S m 
widthand 20 m 10ng.The total experimental area was aboutO.5ha. 
Sixteen meter length of the plot was kept free from weeds by 
periodical weeding, and an area of 4 m length was left unweeded 
after one initial weeding for observing the competitive effects 
of weeds on different cropping systems. Out of the 16 mlong 
weed-free plot, one bed on either side of the plot and 2 m area 
on either end were removed as border. The central two beds (3.0m) 
of 12 m long were harvested for final yield and dry matter 
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estimation. Of the 4m unweeded portion, the central two beds (3.0 
m) measuring 2 m were harvested for yield leaving one meter as 
head border. The layout plan of the experiment in the field and 
harvest details of an experimental plot are shown in Fig. 2. 
3.5 Crop Culture 
Plowing, levelling, sowing of crops and interculture were 
carried out with the help of animal-drawn wheeled tool carrier 
(Tropicultor) and its accessory equipmentCICRISAT, 1977). The 
broadbed-and-furrow system existing in the experimental field was 
al so laid out with tropicul tor six year s ago and since then the 
system was maintained by restricting the cultivation only to 
beds. The field was plowed on the beds by attaching right-and 
left-mould board plow s to the tool bar of the tropi cuI tor. Then 
the beds were cultivated, stubbles removed and finally they were 
shaped with the help of a bed shapero The broadbed-and furrows 
provided a lOO-cm bed area where the crops were sown and 50 em 
furrow which provided the track for animals and wheels of the 
tropicultor. 
Crops were sown on 14 June 1984 with the help of two to four 
planters mounted onto the tropicultor each of which have 
independent seed metering mechanism. These enabled to plant 
varying numbers of rows or intercropping systems having different 
configuration on the bed. Appropriate seed plates were used in 
the planters for metering of seeds of different crops to obtain 
the required plant density (Table 3). However,millet/groundnut 
system was planted manually because of wide difference in the 
J 
~1 
A, Field layout of the exper iment 
Q. P- <l. C; E- o.. ... <l. "- P- <l. & d- ....... ....... til "- til ....... "'- ....... '-~ :E a "- :E :..: ::J UJ VI 
"- \I) "- "- C; "- ;.;: t!i ~ 
N 
12 5 9 6 1 2 8 3 4 11 7 10 \oJ E 
25 26 27 28 29 30 31 32 33 34 35 36 
"- <l. ~ 
"-
"" t!i iii <l. "- til "- P. "-....... ....... ....... 
....... "- ....... "-
-, :::c: :::c: 0 "- ~ t!i tE a <2 :c: a: ~ "- "- VI "- VI "'- <l. UJ 
s 
6 4 5 2 10 3 7 1 9 8 12 11 s 0 ~ SorghulII 
1'~1 Pc,llol lIIilll'l 
13 14 15 16 17 18 19 
pp ~ Pigeonpca 
20 21 22 23 24 liN 0 GrmuHlllut 
t!i <l. <l. P. "- iii ~ Q. "- P- <l. <l. Vl 
....... ....... ....... ....... a.. ....... '- ....... :::c: a.. 0 ::>: 0 ? 
'" 
:;E; ? ::l 
fIll MUllg 
SF 0 Sarflu""r 
ST ~ Setaria 
"- "- t!i rE VI "- Vl ... - UJ "- ... , ;<; [HPJ' 0 Early Pl!!elllll'ca 
E 
o 
N 
8 2 7 3 1 4 5 9 12 6 11 10 
1 2 3 4 5 6 7 8 9 10 11 12 
B. A plot showing the harvest area In weeded and unwecded 
parts. 
Border 
_-_-__ -~~_-_-o-_-_-_-r Border Border r 
4 m Unweeded 
B de 
Border 
EO 16 m Weeded 
Border Net plot Border 
Borde r 
Broadbed-and- furrcMs 
Plot wi dth n-:-oliil 
Fig. 2, Field layout plan of the experiment and details of 
harvest area in an experimental plot, 
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seed size of millet and groundnut. Spacing varied with the crops. 
The rows per bed and the spatial arrangement of crops in 
different systems are shown in Fig.3. 
In intercropping both crops were planted simultaneously. In 
sequential systems the postrainy season crops were established 
on 21st September 1984 following a shower of 51 mm • One shallow 
cultivation was given immediately after the harvest of rainy 
season mung to facilitate planting of the postrainy season crops. 
One hundred Kg ha- l of diammonium phosphate (18-46-0) was applied 
at planting time using a fertilizer drill mounted onto the 
tropicultor. Top dressing was done only to cereals with 42 Kg N 
ha-1 after weeding. 
One intercultivation was given in all systems 15 days after 
the crop emergence by attaching duck-foot sweeps onto the tool 
bar of the tropicul tor. Intercul tur ing could have been continued 
by tropicultor in widely spaced crops, but however, weeds in 
later stages were controlled manually in all systems. 
All crops were monitored periodically for the incidence of 
pests and diseases, and whenever pests became serious 
appropriate control measures were taken in consultation with the 
ICRISAT plant protection officer. Insecticide sprays were 
generally given so as to provide an economic level of protection 
Groundnut was sprayed with 0.2% Rogor (dimethoate) to control 
leaf minors and thrips in the early stages and with 0.35% 
Thiodan (endosulphan) to control leaf eating caterpillars at 
later stages. pigeonpea was sprayed with 0.35% Thiodan in pod 
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formation stage to control Heliothis pod borer. Other crops did 
not show any major pest problems. 
3.6 Observations Recorded 
1. Initial ~ fertility 
Twelve random soil samples were taken from 0 to 15 cm and 
from 15 to 30 cm depths by using a scaled soil auger. Soil from 
the same depth was pooled over different samples and about half a 
kg of composite soil sample was prepared for determining the 
mechanical composition and the initial fertility status (Table la 
and Ib). 
2. nAte ~ planting 
This is the date on which crops were planted in the field. 
3. ~ ~ ~ emergence 
Date on which about 90% of the seedlings had emerged. 
4. .D.u.a ~ .5..Ql f1 owe ri ng 
This was recorded from the date of emergence to when 50% of 
the plants in the plot had flowered. 
5 • .D.u.a ~ maturity 
This was recorded from the date of emergence to 
physiological maturity. 
6. ~ stand 
Stand count was taken immediately after the emergence of 
crops. Another count was taken at the time of harvest. 
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7. Plant height 
This was measured from the ground level to the top of the 
plant (cm). 
8. Number D! hand weedings 
Number of weedings given in each cropping system and the 
time taken for weeding were recorded. The cost of weeding was 
considered in economic evaluation of the system. 
9. l'l.e.ed growth 
After giving an initial weeding,' an area of 4 m was marked 
at one end of each plot which was not given any further weedings. 
Weed samples were collected thrice from 1m2 within this area on 
border beds. After removing soil particles and other inert 
material attached to weed roots, the samples were dried out in an 
oven at 70°C and weighed to a constant weight. 
10. Approxj,lD.all .t.ilD.e reguired .fJu: variouoS kUltural ~rations 
~ tropicultor 
Bullock and labour-hours required for plowing, planting and 
intercul ture were recorded while executing these operations in 
each cropping system. Costs for these operations were computed 
proportionately using the prevailing charges for hiring of 
bullocks and the equipment. 
11. Light interception 
Light observations were recorded at a weekly interval after 
the crops were thinned out to the required stand. Observations 
were made only in a few selected intercrops (sorghum/pigeonpea, 
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pigeonpea/groundnut> and their respective sole crops. 
Measurements were taken with the help of a T-meter at two 
randomly chosen spots in the net plot area. At each spot 
readings were taken covering the total width of the net plot (2 
beds). 
The T-meter is a 1m long tube containing the required 
photocells to measure the photosynthetically active radiation. 
The other components of the instrument include a vertical stand 
with a photocell to measure the total incoming radiation (i.e 
control) and an integrator to calculate the percentage light 
transmitted through the canopy. The long arm of the T-meter is 
placed across rows below the crop canopy to measure the light 
transmitted to the ground. Per cent light intercepted by the 
crop can be obtained by substracting the per cent transmision 
from 100. 
12. Yield Components 
Head length of cereals was measured on 1£n plants. 
Branches and pods per plant of pigeonpea were measured by 
taking counts on ten plants. Test weight (or seed weight) was 
determined in all crops on the grain obtained from the net plot. 
13. Grain and ~ matter yields ~ crops 
Grain and total dry matter yields were recorded for each 
crop, in Kg/ha • Grain yield was adjusted to 12% moisture in the 
case of cereals and 10% in the case of legumes. Moisture content 
was determined immediately after harvest and again at the time of 
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weighing the samples. The non seed-dry matter was reported on 
oven dry weight basis. For this purpose, the stover of cereals, 
and haulms and sticks of legumes or oil seeds were weighed and 
moisture content of the material determined at the ti"le of 
weighing in the field. 
14. Land Eguivalent Ratio (LEE) 
Productivity of intercropping systems was compared with that 
of the respective sale crops by calculating land equivalent 
ratios as defined in the earlier section. 
15. Harvest Index 
Harvest index was calculated as the ratio of economic yield 
to the total biological yield. 
16. Economics DL different cropping systems 
The costs of va! iable inputs such as fertilizer, seed, 
insecticide, weedings, harvesting, and threshing, and of fixed 
costs involved for land preparation and sowing were computed for 
different cropping systems using the costs of inputs (or 
operations) as observed at ICRISAT Center(Appendix II and 110 
Net profit from each cropping system was computed by 
substracting the operational costs ( ie.variable costs and fixed 
costs ) from the gross value of the produce. Prices as realized 
at two months after harvest of crops were used in estimating the 
gross value of the produce. In addition to the value of grain, 
the value of fodder and other byproducts was also considered for 
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computing gross returns. 
3.7 Statistical Analy¥is 
The results were analysed according to the analysis of 
variance scheme for the Randomized Block Design (Cochran and Cox, 
1957 ). Summary of the analyses of variance for different 
parameters is presented in the Appendix IV. Wherever the 'F test' 
was significant, least significant difference (LSD) was computed 
at 5% significance level for comparing the treatment differences. 
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4. RESULTS 
The results of evaluation of twelve cropping systems on 
shallow black soils (Inceptisols) are presented below, after 
carrying out the analysis of variance • 
The tables were arranged such that each table contains the 
data of one character measured on a particular crop(crops) in 
different cropping systems. Standard errors (SE±J and 
co e f f i c i e n t s 0 f va ria t ion (CV % ) we rep res e n ted for e a c h 
parameter. Values of LSD (0.05) were given wherever the IFI test 
showed significant differences among treatments. 
4.1 Plant Stand 
The plant stand of crops in different cropping systems as 
noted near harvest is given in Table 3. 
Plant population of sorghum in sole cropping was slightly 
above 121 000 plants ha-1 whereas the stand in intercropping with 
pigeonpea was about 100 000 plants ha- l • Although we aimed for a 
higher stand (150 000), the desired level could not be achieved 
because of operational difficulty in working with a bullock-drawn 
planter. However, in view of the observations that sorghum yield 
was affected little by plant population in the range of 90 000 to 
180 000 plants ha- l Freyman and Venkateswarlu,1977; 
ICRISAT,1979), the stand achieved in the sole and intercropping 
could be regarded as sufficient for getting the potential yields. 
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Table 3. Crop stand in different cropping systems as observed at harvest tine. 
Cropping Systeur:- Sorglun Pearl ~dium Early Groondmt Safflower Setaria ~ 
millet Pigeonpea Pigeonpea 
(X 1000 pl ants ha-l 
Sole Crop Systems 
Sorglun 121.3 
(150)a 
Pearl millet 157.2 
(1 SO) 
Pigeonpea 84.4 
(SO) 
Groundwt 257.7 
(300) 
Intercrop Systems 
Sorg}un/Pigeoopea 99.5 41.4 
(150) (SO) 
Pearl millet/Pigeonpea 115.1 39.3 
(1SO) (SO) 
Pearl millet/Groondwt 51.4 178.0 
(45) (225) 
Groondrut/pigeonpea 45.8 158.7 
(SO) (225) 
Sequential. Systeu& 
~ - Early Pigeoopea 391.1 176.0 
(300) (300) 
~ - Safflower 1SO.0 199.9 
(lSO) 
~ - Setaria 356.1 180.1 
Ratoon System 
Earl y Pigeonpea-Batoon 206.5 
(300) 
SE<.!) 3.9 4.2 1.8 12.5 n.7 8.1 
, LSD(0.05) 16.7 6.2 76.2 46.2 
CV% 6.2 6.8 6.0 7.3 10.3 7.6 
a fbubers in parentheses refer to the expected stand ha-1. 
37 
Similarly, pearl millet population in sole cropping was at 
the recommended level, but the stand in intercropping with 
pigeonpea was at 115 100 plants ha-1• Considering the wide 
plateau in the yield-population relationship of millet (Lima, 
1983), the stand could be considered as satisfactory in inter-
cropping also. The density of pearl millet in intercropping with 
groundnut was at the required level. 
The pigeonpea plant population in intercropping systems was 
in the required range of 40 000 to 50 000 plants ha- l , but the 
stand in sole cropping was almost double of that in 
intercropping. While this excess stand may not give any 
positive benefit to grain yields over the generally accepted 
level of 40 000 to 50 000 plants ha- l (ICRISAT, 1979 and 
1980), it may considerably improve the stalk yields. The stand 
of early pigeonpea in the ratoon system was about 30% lower than 
the recommended density. But the crop planted in the sequential 
system was well above the recommended level. 
Groundnut stand in sole cropping as well as in intercropping 
with millet was about 15 to 20% lower than the recommended level. 
The stand in intercropping with pigeonpea was 30% lower than the 
recommended level. The required stand could not be achieved even 
in the case of mung bean which is generally planted at a fairly 
high density. However, differences in the stand among systems 
was not marked; therefore, comparisons were unlikely to be 
affected by these differences. However, this points out the 
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difficulty of maintaining proper stand with bullock-drawn 
planters in the case of crops that require high plant population 
density. 
Safflower and setar ia establ j shed very well and they 
required thinning to get the normal stand. 
4.2 Plant Height 
Data relating to plant height recorded at harvest are 
tabulated in Table 4. 
Sole sorghum grew to a height of 159 cm, but in 
intercropping with pigeonpea it grew 10 cm shorter than in sole 
cropping. 
Millet height was not affected by different cropping 
systems, and on average it grew to a height of 113 cm. The medium 
maturity pigeonpea attained a height of 138 cm in sole cropping. 
The intercrop of groundnut did not affect the height of 
pigeonpea, but the cereal intercrops slightly reduced its height. 
The early pigeonpea grew up to a height of 69 em in the rainy 
season, whereas the same cultivar in the postrainy season reached 
to only a height of 48 cm. 
Safflower also grew to a height of only 48 em but setaria 
attained a height of almost one meter. 
4.3 Days to 50% Flowering 
Days taken by each crop to reach 50% flowering in different 
cropping systems are given in Table 5. 
39 
Table 4. Plant height ueasured at final harvest of crops in different cropping systems. 
Cropping Systans Sorglun Pearl Mediun Early Saff1<M:!r Setaria 
millet Pigeonpea Pigeonpea 
(an) 
Sole Cro2 Systems 
Sorglun 159 
Pearl millet 117 
~i\lll Pigeonpea 138 
Intercrop System 
Sorglm/Pigeonpea 149 128 
Pearl millet/Pigeonpea III 129 
Pearl millet/Groundrut 114 
GrCMldrut/Pigeonpea 132 
Sequential. Systems 
M.mg-Earl y Pigeonpea 48 
ltmg-Saffl <M:!r 48 
~taria 94 
Ratoon System 
Earl y Pigeonpea-Ratoon 69 
SE<!.) 2.7 4.4 6.4 3.3 
LSO(0.05) 
CV% 3.0 6.7 8.4 
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Table 5. reys fran erergence to 50% fl~ring of crops in different cropping systems. 
Cropping Systen5 SorgJun Pearl millet ~di\ID Early Groundnut Saffl~r Setaria furg 
Pigeonpea Pigeonpea 
Sole Crop Systems 
Sorglun 57 
Pearl millet 42 
~itm Pigeonpea 128 
Groondrut 37 
Intercrop Systems 
Sorglun/Pigeonpea 57 135 
Pearl millet/Pigeoopea 42 132 
Pearl millet/Groundnut 33 37 
Grcmlmt/Pigeonpea 129 36 
Sequential SystE!DS 
lling-Early Pigeonpea 32 35 
~fflower 78 35 
I1mg-Setaria 35 
Ratoon Systen 
Earl y PigeonpeaooRatoon 70 
SE<.!.) 0.7 1.2 0.6 
LSn(O.OS) 2.3 7.2 
CV(%) 0.9 4.0 2.9 
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Sole cropped sorghum flowered in 57 days after emergence. 
Intercropping sorghum with pigeonpea did not influence the time 
taken for 50% flowering of sorghum, so the intercropped sorghum 
also flowered at the same time as sole cropped sorghum. 
Similarly, pearl millet in sole cropping and in intercropping 
with pigeonpea flowered at the same time (42 days), about a 
fortnight earlier than by sorghum. But mil1d in intercropping 
with groundnut flowered much earlier, in 33 days. 
The sole crop of medium-maturity pigeonpea flowered in 128 
days. While intecropping with groundnut did not affect the time 
taken for flowering of this cu1tivar, intercropping with cereals 
such as sorghum and pearl millet significantly delayed flowering. 
The early maturing pigeonpea planted in the rainy season flowered 
in 70 days, but the same cultivar planted in the postrainy season 
flowered in 32 days. This was because of the photosensitivity of 
the crop. Low temperatures prevailing in the postrainy season 
reduced the overall growth of the crop, and short days forced the 
crop to flower early and mature early (Narayanan and 
Sheldrake,1979) • 
Flowering of groundnut was not affected by cropping systems, 
and it flowered in 37 days. Mung bean flowered in 35 days. 
Setaria and safflower in the postrainy season flowered in 40 and 
78 days respectively. 
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4.4 Light Interception 
Patterns of light interception (photosynthetically active 
radiation) by sorghum/pigeonpea and pigeonpea/groundnut 
intercrops and their respect.ive sole ClOPS are shown in Figs.4 
and 5 respectively. 
Sole sorghum intercepted more light than sole pigeonpea and 
the intercrop , and it reached the peak interception value of 89% 
by 50 days after emergence. Light interception remained quite 
high until 71 days but it declined thereafter to 83% at harvest. 
Light interception by sole pigeonpea was low up to 70 days. The 
crop improved the interception thereafter to reach a peak value 
of 92% at 127 days. Light interception declined from 127 days 
until maturity of the crop, when it intercepted only 81%. Light. 
interception by the intercrop followed similar pattern as that of 
sole sorghum until harvest of sorghum but at a slightly lower 
level. Soon after sorghum harvest, the intercropped pigeonpea 
intercepted a very low value of 62%. However, the interception 
increased to reach a maximum of 70% by 141 days as the crop 
compensated in growth later. The intercropped pigeonpea reached 
the peak interception a fortnight later than the sole pigeonpea, 
but even at this stage the interception by the intercropped 
pigeonpea was 20% lower than that recorded in sole pigeonpea • 
This difference between sole and intercropped pigeonpea remained 
until harvest. 
Differences in light interception by sole groundnut , sole 
pigeonpea or their intercrop were small until 85 days. The 
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interception by sole pigeonpea was generally lower than with 
other systems until 70 days but from then onwards it intercepted 
more light than the others. It intercepted a maximum of 92% of 
the incident light at 127 days but the interception declined 
thereafter to record 78% at harvest. Sole groundnut reached the 
peak interception (73%) early by 64 days, but the interc('pti(ln 
soon dropped to 64%. However, the crop improved lhe light 
interception again to record 70% during 106 to 113 days. The 
depression in interception for about 3 weeks from 71 days was due 
to the effect of moisture shortage. Light interception by the 
pipeonpea/groundnut intercrop followed similar pattern as that of 
the sole pigeonpea until groundnut harvest but interception 
later was about 15% lower than that observed in sole pigeonpea. 
4.5 Influence of Cropping Systems on Weeds 
Dry matter of weeds measured on three occasions in different 
cropping systems are presented in Table 6. 
Amongst all cropping systems, sole sorghum recorded the 
lowest weed dry matter throughout its growth. The 
sorghum/pigeonpea intercrop also showed very low weed growth, 
probably because of the presence of the competitive sorghum. 
Weed growth was also less in the early stage (at 62 days) in sole 
groundnut and pigeonpea/groundnut intercropping which had a high 
proportion of the space planted to groundnut. But in course of 
time weeds over-grew the low-canopy groundnut crop and at 99 days 
the weed dry matter in these systems was as high as in the 
cropping systems with pearl millet • Weeds came up well from the 
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Table 6. Weed dry matter in different cropping systems measured at 
three different stages. 
----------------------------------------------------------------_. Cropf.ling Systems 
Sole Crops 
Sorghum 
Pigeonpea 
Groundnut 
Pearl millet 
Intercrops 
Sorghum/Pigeonpea 
Pearl millet/Pigeonpea 
Groundnut/Pigeonpea 
Pearl millet/Groundnut 
Sequential Systems. 
Hung-Pigeonpea 
Hung-Safflower 
Mung-Setaria 
Ratoon System 
Early Pigeonpea-Ratoon 
SE (±) 
LSD(O.OS) 
CV(%) 
Days After Emergence 
62 99 141 
---______ (9 m- 2 ) __________ _ 
34 
80 
61 
80 
42 
98 
58 
78 
77 
61 
88 
113 
19.5 
46.8 
106 
324 
229 
217 
104 
378 
245 
211 
358 
44.8 
134.4 
32.2 
315 
205 
422 
301 
416 
39.0 
120.1 
21.4 
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Deginning in the slow growing and widely spaced sole pigeonpea , 
the low canopy mung bean, HI] (.' Pf:'cu] millet , and the two 
intercrop systems with pearl millet viz, pearl millet/pigeon~ea 
and pearl milletlgroundnut • The high weed infestation in pearl 
millet- based systems was due to the late establishment of millet 
following poor stand in the first planting • Weeds got 
established during this phase and persisted throughout the crop 
cycle. Thus, we find that weed dry matter at the time of second 
observation in these systems was 2 to 3 1/2 times to that 
observed in sole sorghum or sorghum/pigeonpea intercrop. 
Differences in weed infestation among intercrop systems 
continued even after the harvest of the early maturing crops. At 
the time of the third observation, pigeonpea intercropped with 
pearl millet recorded the highest weed dry matter which was twice 
that recorded in pigeonpea intercropped with sorghum and 140% of 
that recorded in pigeonpea intercropped with groundnut. 
TIIC:> t;bort dUration pigeonpea recorded very high weed growth 
from the beginning to the harvest as was the case with sole crop 
of medium duration pigeonpea. This was because i) the short 
duration pigeonpea did not establish very well, and ii)the crop 
canopy did not fully cover the ground due to moisture stress in 
later stages. 
Considering the sole versus intercropping there was no 
appreciable difference between the two systems and weed growth in 
intercropping closely resembled that in the sole crop of the 
dominant component. 
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A visual obaervation wa~ carried out on 20 September to 
identify the most prevalent weed species and their approximate 
composition in different cropping systems (Table 7). DigitliL..i.a 
~~ and Celosi~ ~I9~~ were prominent in all cropping 
systems. While Indig~~ glandulosa was prevalent in addi t ion 
the above in most sale crops, Cynodon dactylon became important 
in intercropping systems. The composition of weeds was different 
with different cropping systems. Digitaria constituted more than 
50% of weeds present in sole milllet, sole groundnut and 
intercropping systems with these crops. Weed flora in sale 
sorghum consisted of only ~~igofera, DigitaLi~ and ~~~~. 
Their presence even under the thick canopy of sorghum suggests 
their persistent nature. The perennial weed Cynodon dactyl on also 
survived under the canopy 
sorghum/pigeonpea intercrop showed 
of sole pigeonpea. The 
Lagasca mollis in addition to 
all those weeds observed under the two sole crops. Interestingly, 
this new species constituted fairly a high proportion compared to 
Digitaria and Celosia. There were a number of other species such 
as Lavandula, ~llanthus, ~Iid~z, Al~l~~IPY~ and Oicantbium 
which were not observed under sole crops but were noted in 
intercropping systems to a lesser degree. 
4.6 Yield Components of Crops in Different Cropping Systems 
Yield components measured in certain crops are given in 
Table 8,9 and 10. 
Head length and grain weight of sorghum and millet were 
unaffected by cropping systems. This suggests that their yield 
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TIlle 7. visual assessm?nt of t~ occurance of Ioeed flora in sare sale crops arrl intercrops on iihall<M black 
soil(Inceptisal s) I 20 September 1984. 
Sole Crops Intercrops 
Sorghun Ppllrl Pigeonpea Grcmdnut SorghwV Pearl milll't/ P&1rl millet/ Pigeonp 
Pigeonpea Pigeonpt>.a CrCl.U1drut Ground!1 
---------- (%) 
millet weed flora 
Tnl\igofera glandul osa 45 6 37 10 24 3 2 3 
---
P1litar ia ell iaris 20 64 18 50 13 48 45 67 
~argentea 35 26 32 13 6 20 25 13 
~dactylon 2 13 3 31 23 16 17 
~nxili~ 2 20 20 
~spp. 4 
LliaMula spp. 
l\)'l1 antrus onderaspatensia 2 
Tridax prOCUDbens 2 
~icaIplS spp. 2 5 
Dichanthillll aristatllll 7 
49 
Table 8. Head length of sorghum and millet crops in different 
cropping systems. 
-------------------------------------------------------------
Cropping Systems 
Sole Crop Systems 
sorghum 
Pearl millet 
Intercrop Systems 
Sorghum/Pigeonpea 
Pearl millet/ Pigeonpea 
Pearl rnillet/Groundnut 
SE(±) 
LSD(O.OS) 
CV% 
Sorghum Pearl millet 
-----------(cm)--------------
21 
17 
20 
17 
18 
0.4 0.9 
3.5 9.4 
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Table 9. Some measurements on yield components of medium and 
short-season pigeonpea. 
----------~-------------------------------------------------------
cropping Systems 
Sole Crop System 
pigeonpea 
Intercrop Systems 
Sorghum/Pigeonpea 
Pearl millet/Pigeonpea 
Groundnut/Pigeonpea 
Sequential System 
Mung-Early Pigeonpea 
Ratoon System 
Early Pigeonpea-Ratoon 
SE (±) 
LSD(O.OS) 
CV% 
Medium 
Pigeonpea 
Early 
Pigeonpea 
Branches per plant Pods Pods 
per 
Primary Secondary plant 
6 20 95 
4 16 74 
5 18 114 
5 17 138 
1.7 0.3 22.6 
16.0 10.9 37.3 
per 
plant 
14 
27 
0.9 
5.7 
7.9 
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Table 10. Test* 'Weight of crops in diffemt cropping systans. 
Cropping Systeu:s Sorghun Pearl r.editlr Early- Groundnut SaffJ. <1.¥er Setaria ~ 
millet Pigeonpea Pigeonpea 
(g) 
Sol e Crop Systems 
Sorgtun 68 
Pearl millet 55 
Itldil.lll Pi.geonpea 95 
Gro..mdrut 29 
Intercrop Systems 
Sorglun/Pigeoopea 68 98 
Pearl millet/Pigeonpea 55 94 
Pearl millet/Groundnut 56 28 
Groondrut/Pigeonpea 94 27 
Sequenial Systems 
l1mg-Earl y Pigeonpea 75 
ttmg-SafflOoler 55 25 
Mmg-Setaria 3 25 
Ratoon System 
Earl y Pigeoopea-Ratoon 90 
SEW 0.7 0.6 1.8 3.7 1.0 0.4 
CV% 1.8 1.9 3.3 7.7 6.0 2.7 
*It refers to the 'Weight of 1(XX) seeds except for grOOIVlnut in which case it refers to the ~ight 
of 100 kernel 'Weight. 
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in different systems was determined mostly by head numbers. 
Pigeonpea produced lower branches per plant in inter cropping 
than in sole cropping (Table 9). The sorghum intercrop was more 
competitive than others, and consequently, pigeonpea intercropped 
with sorghum produced fewer branches per plant than that 
intercropped with pearl millet or groundnut. Pods per plant also 
reflected similar trend but results of this character should be 
considered carefully because of high coefficient of variation. 
Weight of 1000 seed from sole cropped pigeonpea was 95 g, and 
intercropping did not cause any significant change in the seed 
weight. 
The early pigeonpea cultivar lCPL-a7 had only one fourth the 
pods per plant (27) of the medium cultivar. The pod number 
decreased fUrther to only 14 per plant when it was grown in the 
postrainy season. The seed size of this cultivar was slightly 
smaller than that of lCPl-6. The seed size became much smaller 
when grown in the postrainy season. 
lntercropping did not affect the seed weight of groundnut. 
This suggests that groundnut yield in intercropping was probably 
dependent on plant stand and pods per plant. 
4.7 Weeding VS Non Weeding on Pigeonpea and Groundnut Yields in 
Different Cropping Systems. 
Only yields of pigeonpea (ICPl-6) and groundnut were 
measured from the unweeded portion in different cropping systems 
(Table 11). 
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Table 11. Grain yield or pod yield of medium duration pigeonpea and 
groundnut in different cropping systems as affected 
by weeds. 
----------------------------------------------------------------------
Cropping Systems 
Sole Crop Systems 
Pigeonpea 
Groundnut 
Intercrop Systems 
Sorghum/Pigeonpea 
Pearl millet/Pigeonpea 
Pearl millet/Groundnut 
Groundnut/Pigeonpea 
SE(±) 
LSD (0.05) 
CV% 
Medium Pigeonpea Groundnut 
Unweeded Weeded Unweeded Weeded 
----------(Kg ha-1----------------
356 
192 
246 
467 
57.6 
31.7 
1112 
401 
730 
715 
105.2 
363.9 
24 
1139 
710 
646 
72.6 
284.8 
15.1 
1225 
825 
718 
68.5 
269 
12.9 
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Weeds drastically reduced the yield of the slow growing and 
widely spaced pigeonpea, whereas they affected the low canopy and 
quick covering groundnut very little. Yield from unwecded 
pigeonpea was only about one third of that from weeded pigeonpea. 
Weeds were less competitive to intercrop systems, so their 
detrimental effect was somewhat less pronounced in intercropping. 
Thus, while the intercropped pigeon~ea in weed free treatment 
averaged 55.4% of sole crop yield, the same in the unweeded area 
was 85% of the respective sole crop. Of the three intercrops 
pigeonpea yield with groundnut was highest. This high yield 
cannot be attributed solely to the good weed smothering affect of 
groundnut, but could be due to the combined effect of weed 
smothe ring and less competi ti veness of g roundnut to pigeonpea. 
The cereal intercrops were competitive to weeds as well as 
pigeonpea, so the pigeonpea yield in association with them was 
low. 
As mentioned earlier, weeds reduced the groundnut yield only 
marginally in sole cropping. The competitiveness of weeds 
rema ined unaffected by in te rcropping and they reduced the 
intercropped groundnut yield similarly as in sole cropping. 
4.8 Grain Yield of Crops in Different Cropping Systems 
Data pertaining to the grain yield of crops in different 
cropping systems are given in Table 12. 
Sole sorghum produced a reasonable yield of 2457 kg ha- l , 
whereas the sorghum intercropped with pigeonpea yielded 22% less 
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Table 12. Grain or pod y iel d of crops in different cropping sysl",,,,. 
Cropping Syst(J1lS Sorghum Pearl MedilEl Early Cr(XJ(ldrut Saf f\ <>.Ier Setarw ~la~ 
millet P igt.-onpea Pigeonpea 
(Kg ha-1) 
Sde CroI' SX6tems 
Sorglnm 2457 
Pearl mill et 791 
PigeonpeB 1112 
Groundrut 1225(812)/1 
Intercroj2 Sxstems 
Sorg!uo/Pigeonpea 1924 401 
Pearl mill et/Pigeonpea 556 TYJ 
Pearl millet/Groundnut 513 825(567) 
GrounduJt/Pigeonpea 715 718(486) 
~ial Systens 
~rl y Pigeonpca 327 334 
M.mg-5af fl oower 416 335 
~t/lria 836 327 
Ratoon System 
Early Pigeonpell-Ratoon 1035 
SEW 238.6 132.0 105.2 89.9 68.5(50.1) 42.5 
LSD 363.9 547.3 269(198) 
CV% 18.9 36.9 24 22.9 12.9(14.0) 22.2 
/I NWlers in purenthelJt!8 are kernel. yiel d of groundrut ha- 1 
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than that in the sole crop (1924 kg ha- l ). Pearl millet as a 
sole crop produc~d much lower yield (791 Kg ha- l ) than that of 
sorghum. Millet intercropped with pigeonpea gave 556 kg ha-li 
and that intercropped with groundnut also yielded similarly at 
513 kg ha- l despite the fact that millet population in this 
system was only one fourth of that in sole cropping. On average 
millet yield in intercropping represented about 67% of that in 
sole cropping. However, differences were not significant partly 
because of high variability and less error degrees of freedom for 
treatment comparison. 
The medium-maturing pigeonpea (cv ICPl-6) gave a good yield 
of 1112 kg ha- l in sole cropping. It suffered considerably in 
intercropping with sorghum, pearl millet or groundnut and 
consequently produced significantly lower yield than in sole 
cropping. Competi tion from sorghum intercrop was much greater 
than with pearl millet or groundnut intercrop. So pigeonpea in 
association with sorghum recorded the lowest at 401 kg ha- l 
(36.1% of sole crop), whereas in association with pearl millet or 
groundnut it recorded a little over 700 kg ha- l (about 65% of 
sole crop). 
The short duration pigeonpea (cv ICPL-87) gave almost 
similar yield (1030 kg ha- l ) as the sole crop of the medium 
matur ing genotype <1112 kg ha- l ). This genotype was allowed to 
produce regrowth in the ratoon system, but regrowth was so poor 
due to low moisture status that no worthwhile yields were 
obtained from the ratoon crop. However, the same cultivar planted 
in the post rainy season in sequence with mung bean gave 31.6% of. 
that produced in the rainy season. 
S7 
Sole groundnut yielded 1225 kg ha- l • Intercropping reduced 
the groundnut yield significantly irrespective of the plant 
population maintained in the system and the crop with which it 
was associated. Competition from pearl millet intercrop was 
lower than from pigeonpea intercrop. Hence, groundnut 
intercropped with pearl millet, inspite of having only 3/4 of the 
sole crop population, gave slightly better yield than that 
intercropped with pigeonpea. Interestingly, the kernel yield of 
groundnut follow(~(1 t".j milar pattern as the pod yield indicating 
that the shelling percentage remained unaffected by cropping 
systems. The reduced yield in intercropping was therefore 
primarily due to the reduction in growth of groundnut and not due 
to any effect on kernel filling. 
The short duration mung crop in the three sequential 
systems gave only a little over 300 kg ha- l • The sequential crops 
planted after mung established well but their growth was not good 
due to low res i d u aIm 0 i stu r e. T h U f" sa f flo we r g a v e 4 16 kg h a-I 
and pigeonpea cultivar (rCPL-87) gave 327 kg ha- l • But seteria 
gave slightly better yield at 836 kg ha- l • 
4.9 Stover or Stalk/Haulm Yield of Crops in Different Systems 
Yield of non-seed dry matter of crops in different cropping 
systems is presented in Table 13. 
The effect of cropping systems on stover/haulm yield was 
similar to that on grain yield. Sorghum produced 3685 kg ha-1 of 
stover in sole cropping and 82 % of that in intercropping with 
pigeonpea. 
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Table 13. Stoler or haulm yield of crop~ in different cropping systell>l. 
Cropping SyatelOB Sorglun Pearl ~dilJIl Early GrounJrut SafflCM!r s.:taru. ~Ut\l 
millet Pigeonpca P4;eoopea 
(Kg ha - t. 
Sol. e Crop Systems 
Sorglun 3685 
Pearl millet 1123 
~iw Pigeoopea 3722 
Groundwt 
l'ntercrop Systems 
SorgIlWI!Pigeoopea 3027 1025 
Pearl millet/Pi.geonpea 742 1955 
Pearl. millet/Groundwt 566 1614 
Groundmt/P~ 1674 1331 
~ntiBl SystEms 
M.JrrEarly Pigeonpea 599 4JIj 
tblg-Saffl ower 844 421 
MJug-Setaria 1361 421 
Ratoon System 
Ead y Pi.geonpea- Ratoon 1390 
SEW 247.6 126 314.3 161.9 lSO.8 65.9 
LSD(O.OS) 1087.7 592.1 
CV% 12.8 26.9 26.0 28.2 15.1 26.7 
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Pearl millet in sole cropping produced only one third of 
stover produced by sorghum; stover yield went down further in 
intercropping to record only 742 to 566 kg ha- l • 
stalk yield of pigeonpea (cv ICPI-6) in sole cropping was 
3722 Kg ha- l , which was as high as the stover yield of sole 
sorghum. This clearly shows the potential of pigeonpea in 
biomass production compared to cereals. The cereal and groundnut 
intercrops were very competitive to pigeonpea, as a result of 
which, the stalk yield of pigeonpea was significantly reduced in 
intercropping. Sorghum was much more competitive to pigeonpea 
than pearl millet or groundnut and caused a maximum reduction of 
72.5%. Pearl millet and groundnut were equally competitive and 
affected pigeonpea similarly. 
Although the early pigeonpea (cv ICPL-87) gave as good grain 
yield as the medium maturing pigeonpea, its stalk yield was only 
37.4% of that of ICPl-6. This shows the small overall growth of 
ICPL-87. The growth of this genotype was further reduced in the 
postrainy season to result in only 599 Kg ha- l of stalk yield. 
The quality of stalks also differed between the two cultivars, 
the stalks of lCPl-6 were thick and sturdy compared to those of 
lCPL-a7. 
Sole cropped groundnut produced 2236 Kg ha- l haulms whereas 
the intercropped groundnut produced significantly lower yield of 
1614 and 1331 Kg ha- l • 
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Haulm yield of mung bean was lowest (428 Kg ha- l ) among all 
legumes examined in the trial. Straw yield of setaria in the 
postrainy season was better than that pearl millet in the rainy 
season. The stalk yield of safflower was 844 Kg ha- l . 
4.10 Harvest Index of Crops in Different Cropping Systems 
The harvest index of cereals was very high (40% or above) 
compared to that of other crops (Table 14). The harvest index of 
sorghum and pearl millet was very similar in sole cropping and in 
intercropping with pigeonpea. But pearl millet intercropped with 
groundnut showed higher harvest index (48%) than in other 
systems, probably due to low plant population at which it was 
planted in this system. The harvest index is generally improved 
at low plant population(Stoskopf,1981). 
Harvest index of sole pigeonpea (cv ICPI-6) was 23% but that 
of intercropped pigeonpea varied from 27% to 30%. Pigeonpea 
improved its harvest index in intercropping probably because of 
reduction in the early vegetative growth due to the competition 
from intercrops. The lower harvest index of pigeonpea compared 
to that of cereals suggests that this long season crop was 
inefficient in converting dry matter into economic yield. 
However, harvest index of the short duration pigeonpea (cv ICPL-
87) was higher than that of the medium duration cultivar. It 
showed 43% when grown during the rainy season and 35% when 
cultivated during the postrainy season. The harvest index of 
groundnut was relatively unaffected by different cropping 
systems. 
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Table 14. Harvest index of crops in different cropping systems. 
Cropping Systems 
Sole Crop Systems 
Sorghum 
Pearl millet 
Pigeonpea 
Groundnut 
Intercrops 
Sorghum/Pigeonpea 
Pearl millet/Pigeonpea 
Pearl millet/Groundnut 
Groundnut/Pigeonpea 
Seguential Crops 
Mung - Early Pigeonpea 
Mung - Safflower 
Mung - Setaria 
Ratoon Crop 
Early Pigeonpea-Ratoon 
Rainy season 
crop 
0.40 
0.41 
0.35 
0.39 
0.43 
0.48/0.38 
0.35 
0.35 
0.36 
0.36 
0.43 
Postrainy season 
crop 
0.23 
0.28 
0.27 
0.30 
0.35 
0.33 
0.38 
----------------------------------------------------------------------
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Amongst other crops, the harvest index of mung bean was 36%, 
that of safflower 31% and setaria 38%. 
4.11 Land Productivity of Different Intercropping Systems 
Mean land equivalent ratios of different intercropping 
systems are given in Table 15. 
Intercropped sorghum averaged a LER of 0.78 and pigeonpea a 
LER of 0.36 • Combining the LERs of the two crops, we observe 
that the sorghum/pigeonpea intercrop was 14% more productive than 
either of the sole crops. Total LER in the case of pearl 
millet/pigeonpea was 1.36 indicating that this intercrop was 36% 
more productive than the respective sole crops. Greater 
productivity of pearl millet/pigeonpea intercrop over 
sorghum/pigeonpea was due to higher pigeonpea yield in 
intercropping with pearl millet than with sorghum. The 
groundnut/pigeonpea intercrop showed more or less similar LER for 
the component crops, 0.59 for groundnut and 0.64 for pigeonpea 
totaling a LER of 1.23 for the system. Thus, of the three 
intercropping systems based on pigeonpea , pearl millet/pigeonpea 
showed the maximum land productivity advantage (36%) followed by 
groundnut/pigeonpea (23%) while the lowest advantage <14%) was 
with sorghum/pigeonpea • A common feature of these systems was 
that the component crops were planted at 100% of their respective 
sole crop optimum populations. The observed LERs of rainy season 
crops were very much lower than generally have been reported for 
these crops in intercropping with pigeonpea ( Rao and 
Willey,1983; Reddy and Willey,1985 ). Besides lower plant stand 
there might be other factors that were responsible for low LER~ 
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Table 15. Land Equivalent Ratio(LER) of different intercropping 
syst~ms calculated on the basis of grain yield. 
Intercrop Systems 
Sorghum/Pigeonpea 
Pearl millet/Pigeonpea 
Pearl rnillet/Groundnut 
Groundnut/Pigeonpea 
SE (±) 
CV% 
Land equivalent ratio Total LER 
Rainy Season Postrainy Season 
crop crop 
0.78 
0.70 
0.65 
0.59 
0.36 
0.66 
0.67 
0.64 
1.14 
1.36 
1.32 
1.23 
0.1 
14.6 
which would be discussed later. 
Pearl millet and groundnut in intercropping might have 
yielded 25% and 75% of their respective sole crops if the 
inter species competition was similar to that of intraspecies 
competition. But the intercropped groundnut produced 59% of sole 
crop yield and pearl millet 64% of its sole crop, thereby showing 
23% advantage for this intercropping over the sole crops. 
4.12 Gross Monetary Returns 
Gross returns and net profits are shown in Table 16 and 
Fig.6. The input and output costs considered for calculating 
monetary returns are in Appendix II. Details of variable costs 
for different systems are given in Appendix III. 
Amongst the sole crops, gross returns were highest with sole 
groundnut which differed significantly from other sole crop 
systems. Sole sorghum and sole pigeonpea gave similar returns 
which were about 74% of the returns from sole groundnut. Sole 
pearl millet showed the lowest gross returns. 
Comparing the intercropping systems, groundnut/pigeonpea 
gave significantly higher returns (Rs 6003 ha- l , than other 
intercrops. In fact, this system gave slightly higher returns 
than the sole groundnut. The sorghum/pigeonpea and 
millet/groundnut produced similar returns at Rs 4928 and 4825 ha- l 
respectively which were about 81% of those observed with 
groundnut/pigeonpea. The returns from sorghum/pigeonpea were only 
12.9% higher than those from sole crops. Though the returns from 
Table 16. Variable costs, gross returns, and net profits 
of different cropping systems. 
Cropping Systems Variable Costs Gross Returns 
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Net Profit 
(Rs -1 --------------------- ------------------ ha )-----------------
Sole CroE System 
Sorghum 
Pigeonpea 
Groundnut 
Pearl millet 
IntercroE Systems 
Sorghum/Pigeonpea 
Pearl millet/Pigeonpea 
Pearl mi11et/Groundnut 
Groundnut/Pigeonpea 
Sequential Systems 
Mung - Early Pigeonpea 
Mung - Safflower 
Mung - Setaria 
Ratoon System 
Early Pigeonpea- Ratoon 
SE(t) 
LSD (0.05) 
CV% 
1177 
1297 
1908 
1115 
1572 
1510 
1865 
2303 
1196 
1209 
962 
1049 
4362 
4226 
5774 
1411 
4928 
3685 
4825 
6003 
2952 
3411 
2747 
3625 
365.5 
1072 
15.8 
3185 
2929 
3867 
296 
3356 
2175 
2960 
3700 
1756 
2202 
1785 
2576 
361.3 
1061 
24.9 
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pearl millet/groundnut were about three times higher than those 
from sole millet, they were significantly lower than those from 
sole groundnut.The pearl millet/pigeonpea system gave 
significantly lower returns than all other intercrop systems. 
These returns were also lower than those of sole pigeonpea by 
12.8%, but they were about 161.7% higher than those of sole 
millet. 
There were no appreciable differences in the returns of 
different sequential systems and the average returns were about 
50% of those from groundnut/pigeonpea intercrop. The gross value 
of mung-safflower was higher than with other sequential systems 
by 16.5%. 
The ratoon system of pigeonpea gave returns of Rs 3625 ha- l 
which although were lower than from the promising intercrop and 
sole crop systems, they were substantially higher than with the 
sequential systems. 
4.13 Net Monetary Returns 
Table 16 and Fig.6 also show the net monetary returns of 
different cropping systems. Sole groundnut and intercropping of 
groundnut with pigeonpea were the most remunerative cropping 
systems with similar net profits (Rs 3867 and 3700 ha- l 
respectively). Following them were sole sorghum, sole pigeonpea, 
sorghum/pigeonpea intercrop and millet/groundnut intercrop with 
returns varying from Rs 2960 to Rs 3356 ha-1• Sole pearl millet 
gave the lowest net returns making this system least profitable. 
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Fig.6: Gross and net monetary rcturns from different cro[)pinn~ystems 
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Intercropping of pearl millet with pigeonpea improved the returns 
substantially but they were still lower than those obtained from 
other pigeonpea or groundnut based systems. 
Sequential cropping systems gave significantly higher 
profits than sole millet but were not as profitable as some of 
the promising intercropping or sole crop systems. The mung-
safflower sequence was comparable with millet/pigeonpea intercrop 
and was better than the other two sequential systems by about 
19.6% • 
The ratoon system with early pigeonpea gave higher returns 
than the sole pearl millet, pearl millet/pigeonpea intercrop or 
the sequential systems. Though its returns were significantly 
lower than those from groundnutlpigeonpea intercrop, they were 
only 12% lower than with sole pigeonpea. 
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5. DISCUSSION 
5.1 Crop Stand and Crop Growth 
There was no difficulty in sowing different rows or spatial 
arrangements of intercrops on broadbed-and-furrows with the 
wheeled-tool carrier. All crops established well except pearl 
millet in sole cropping and intercropping with pigeonpea which 
did not germinate well and required replanting. Obviously, the 
small-seeded pearl millet was placed at greater depth while it 
was planted simultaneously with other crops. Millet was 
replanted in these systems seven days later. This delay in 
establishment resulted in poorer growth of millet in these 
systems compared to that in pearl millet/groundnut. Crops in the 
latter system were planted by hand because of the apprehension 
that machine planting of such widely different sized seeds of 
millet and groundnut may not give good stand. The stand of 
intercrops in pigeonpea-based systems was lower than in their 
respective sole crops. These were required to be sown at 100% of 
their respective sole crop density by closer within-the-row 
spacing. Stand in intercropping could not be maintained similar 
to that in sole cropping because the seed metering plate used was 
the same in both systems. This points out that one must be 
careful while planting with machine of small-or large-seeded 
crops which require different depth of placement. However, plant 
population of crops in different systems was at reasonable level 
to permit valid comparison of the performance of the cropping 
systems. There was a 2-week dry spell soon after the crops 
emerged but the seedlings survived without any mortality. 
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Rainfall during the rainy season was only 510 mm (June to 
September) which was 18% lower than the normal. The deficit in 
the total seasonal rainfall may not be large but there was a 4-
week long dry spell from 3rd week of August to 2nd week of 
September when crops were severly affected by stress compared to 
other crops. There were some good showers in the later part of 
September which facilitated to establish the sequential crops; 
otherwise the dry top soil might not have enabled to plant the 
postrainy season crops. 
Inspite of the prevailing adverse conditions during the 
active crop growth period, sole sorghum performed well 
intercepting maximum light energy. This performance was probably 
due to better plant stand and ability of sorghum to withstand 
adverse climatic conditions. Light interception by sole sorghum 
declined from 71 days of emergence due to the commencement of 
senile phase (Fig. 4). 
Sorghum/pigeonpea intercrop intercepted almost equal 
percentage of incoming radiation as that of sole sorghum. This 
agreed with the observations of Natarajan and Willey (1980b) that 
light interception by this intercrop was similar to that of sole 
sorghum until sorghum harvest. This was because the intercrop 
canopy was dominated by sorghum component. Light interception by 
the intercropped pigeonpea was much lower than sole pigeonpea 
because of the reduced growth due to sorghum competition. It 
compensated to some extent for the competition it had undergone 
earlier but the peak interception by the intercropped pigeonpea 
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was lower than with sole pigeonpea. Sole pigeonpea intercepted 
92% of the photosynthetically active radiation at 127 days after 
which the interception declined due to leaf fall. 
Differences in light interception by different systems in 
pigeonpea/groundnut were small. The light interception values 
were not very high due to: 
a) Insufficient plant stand, especially of the cereal in 
intercropping, 
b) uneven distribution of rainfall causing moisture stress 
c) poor water retention of the shallow black soil in the root 
zone, and 
d) slow growth of crops such as pigeonpea. 
Sorghum was the most competitive crop to weeds as well to 
pigeonpea in intercropping. Thus, the weed growth was lowest in 
sorghum-based systems. This agreed with the observations of Rao 
and Shetty (1976). The low-canopy and quick covering crops such 
as mung and groundnut also smothed the weeds well in the 
beginning of the season, but tall and hardy weeds such Digitaria 
and ~IQsia overgrew the crops in course of time and affected 
their growth. Similar observations were reported by Shetty and 
Rao (1981). Pearl millet in normal situation could be expected 
to suppress weeds similarly as sorghum but performance of millet-
based systems was poor because of the delayed establishment of 
millet. Weed growth was highest from the beginning in sole 
pigeonpea because of wide spacing and its slow initial growth. 
Once the weeds got established they suppressed the crop and 
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persisted throughout the crop growth. 
The weed gro~th in intercropping systems was mostly 
determined by the type of the dominant component involved in the 
system. Although the intercropping did not show any additional 
advantage over the sole crop of the dominant component, they 
showed significantly lower weed growth compared to the sole crop 
of the weak component. The beneficial effect of sorghum in 
suppressing weeds early in the season in sorghum/pigeonpea 
intercrop system was carried forward until the harvest of 
pigeonpea (Table 7). Consequently, pigeonpea intercropped with 
sorghum recorded a high proportion of its sole crop (ie. 54%) in 
unweeded treatment compared to only 36% in weed-free treatment. 
Similar trends were noticed in other intercrop systems with 
pigeonpea. The yield of Intercropped groundnut as a proportion 
of sole crop was unaffected in weeded and unweeded treatments 
because weed growth in intercropping was determined by groundnut 
itself. 
with regard to composition of weeds, Digitaria and Celosia 
were the most dominant weeds in all cropping systems. However, 
certain weeds were more specifically associated with specific 
cropping systems. For example, Indigofera was not prominent in 
intercropping systems, whereas Cynodon was not a major weed in 
sole crop systems. Similarly, a number of weeds noticed in 
intercropping systems were not present in sole crop systems. 
This points out that continued practice of a particular cropping 
system may encourage certain type of weeds which may become 
difficult to control later. While identifying the promising 
73 
cropping systems one should, therefore, examine the possible 
shifts in weeds by long-term monitoring. 
5.2 Crop yields 
Given the unfavourable climatic conditions, sorghum yielded 
reasonablywell at 2.46 t ha-1 in sole cropping. Pearl millet 
produced only one third of the sorghum yield because of delayed 
establishment and also partly due to the suppression of the crop 
by weeds in the early stage. Sorghum suffered a yield loss of 
22% in intercropping with pigeonpea. Pearl millet also suffered 
a yield loss of 30% in intercropping with pigeonpea. Earlier 
studies indicated that cereals intercropped with pigeonpea would 
under normal circumstances yield similarly as the sole crop if 
the intercrop was planted same as at the sole crop density 
(Natarajan and Willey, 1980; Rao and Willey, 1983; Shelke, 1977). 
However, in a below normal rainfall year, sorghum yield was 
significantly reduced in intercropping (ICRISAT, 1980). This was 
attributed to moisture stress and increased competition from 
pigeonpea to sorghum under such limited moisture conditions. The 
sizable reduction in intercropped sorghum and pearl millet in 
this study could be attributed to moisture stress that the crops 
had experienced during the dry spell. The dry spell coincided 
with flowering and grain formation of the cereals, where drought 
effects are generally more pronounced than at other stages 
(Seetharama et al., 1983). Under limited moisture the cereal/ 
pigeonpea intercrop may experience the stress effect more than 
the sole crops because of having additive populations. 
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Except the sole crops of pigeonpea and groundnut which gave 
above one tonne per ha all others produced very low yields. Mung 
bean produced only 332 kg ha- l because of the dry spell during 
pod formation stage. The yields of postrainy season crops were 
also low because of small amount of stored moisture left in the 
profile at the end of the rainy season. In fact the postrainy 
season crops in sequential systems could not have been 
established but for 73 mm of rain received during September. For 
the same reason although mung was harvested on 20 August 1984, 
setaria and safflower were not sown untill 21st September. The 
performance of postrainy season pigeonpea was poor partly because 
of the limitation of moisture and the general reduction in growth 
of pigeonpea due to low temperature and short days (Narayanan and 
Sheldrake, 1979). There was very little moisture left in the 
profile after harvest of early pigeonpea, hence the ratoon growth 
was poor. 
5.3 Land Equivalent Ratios 
The yield advantage of cereal/pigeonpea intercrops was much 
lower <14% and 36%) than generally reported in previous studies 
(Natarajan and Willey, 1980a; Rao and Willey, 1980; Shelke, 
1977). This was because of the reduced cereal yield in 
intercropping and relatively less contribution of pigeonpea than 
in normal circumstances. Pigeonpea yield as a proportion of its 
sole crop was only 36% in intercropping with sorghum and 66% in 
intercropping with pearl millet. Since the residual soil 
moisture in the postrainy season was very low, intercropped 
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pigeonpea did not compensate for the loss of growth due to the 
competition of cereals in the rainy season. This was evident 
from the significantly reduced growth of intercropped pigeonpea 
compared to the sole cropped pigeonpea (Table 9). Between the 
two cereals, sorghum was much more competitive to pigeonpea than 
pearl millet, probably because of its height and longer maturity. 
Rao and Willey (1983) observed that these two plant characters 
mostly determined the competitiveness of cereals to pigeonpea. 
Bence, intercropping advantage was less with sorghum/pigeonpea 
compared to that with pearl millet/pigeonpea. 
Pearl millet intercropped with groundnut, despite having 
only one fourth of the population, yielded same as the pearl 
millet intercropped with pigeonpea. This shows that the lower 
population of pearl millet was advantageous in a drought year. 
For the given pearl millet population in this system, the 
expected yield was only 25% (1 row millet : 3 rows groundnut) of 
the sole crop, but more than twice the expected yield indicated 
that the inter-species competition between millet and groundnut 
was lower than the intra-species competition. The increased 
millet yield was due to increased yield per plant as a result of 
increased tillering (Reddy and Willey, 1981). While the above 
could be the major reasons, however, it must be pointed out that 
the higehr relative yield of millet in this system could be 
partly due to low yield of sole millet which was replanted a week 
days later. Intercropped groundnut gave 67% of sole crop yield, 
only slightly lower than the expected 75%. The overall yield 
advantage of this intercrop system was 32% which was within the 
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range of that reported by other workers (Reddy and Willey, 1981; 
Lima, 1983). The higher productivity of intercropping was due to 
the efficient use of the growth resources (Reddy and Willey, 
1981). The relative yields of the component crops in groundnutl 
pigeonpea intercrop were nearly equal, 59% in the case of 
groundnut and 64% in the case of pigeonpea. Although this 
pattern closely resembled that observed in previous studies 
(ICRISAT, 1980), the relative yields themselves were low, 
probably because of the determintal effect of moisture stress. 
Thus the overall advantage of 23% for this system was much lower 
than the 50% to 70% observed in normal years (ICRISAT, 1980). 
This intercrop system was also planted in additive populations as 
the cereal/pigeonpea systems and groundnut matured around the 
same time as sorghum. Lower relative yield of groundnut compared 
to sorghum or millet indicates that groundnut experienced greater 
competition from pigeonpea than the cereal intercrops. 
5.4 Monetary Returns 
Sole cropping of groundnut was the most profitable cropping 
system. This was because of its reasonable yield inspite of dry 
spell and high cash value of the produce. Groundnut/pigeonpea 
intercrop was also equally profitable. Gross returns were in 
fact higher for the intercrop, but net returnswere slightly 
higher for sole crop because of higher input costs required for 
the intercrop. Some alternatives to the above were sole sorghum, 
sole pigeonpea, sorghum/pigeonpea and millet/groundnut. Returns 
from these were only 11 to 22% lower than those from groundnut 
based systems. However, if we consider returns per every rupee 
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invested sole sorghum was the most enterprising system (Rs. 2.71 
Re- l , Table 16). From economic point of view sorhgum/pigeonpea 
intercrop was only marginally superior to the sole crops 
requirement of increased operational costs by about Rs. 400 ha-1 
made this system less attractive compared to either of the sole 
crops. However, intercropping still retains its advantage for 
farmers who would like to grow some of both the sole crops for 
subsistence needs. 
The early pigeonpea (cv lePL-87) gave significantly lower 
net profits compared to groundnut systems but operational costs 
were so low for this system that return per investment was the 
second best (Rs. 2.45 Re-1) after sole sorghum. This should be a 
good option for farmers who might have less resources. While 
this ratoon system has the advantage that it extends cropping 
beyond the rainy season and may provide partial second crop 
yield, one disadvantage compared to the medium pigeonpea was that 
it produced only one third the stalk yield of the medium cultivar 
(Table 13). Pigeonpea stalks have economic value as fuel wood 
material. 
The sequential systems were less remunerative because of low 
yields of both the rainy and postrainy season crops (Table 12). 
The study demonstrated that sequential systems could be 
practiced with short duration crops on shallow black soils 
provided some showers are received during September/October. 
However, fUrther studies are required to confirm their 
potentialities in relation to intercrop systems or full season 
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sole crops. There is definit1y some risk involved in 
establishing the p~strainy season crops, particularly in years 
when the rains end early, and in such years the advantage of 
intercropping is highlighted. 
The pearl mi11et/groundnut was less economical compared to 
sole groundnut because contribution from pearl millet did not 
compensate the loss in the high value groundnut. Comparison of 
intercrop with either of the most profitable sole crop is valid 
only when the farmer wants cash. But when he is interested on 
some of both sole crops then the intercrop should be compared 
with a shared sole system where the land is devided between the 
two sole crops. On that basis the intercrop turns out to be 
advantageous over sole cropping. However, since sole millet did 
not grow normally, further evaluation of pearl mille-based 
systems is required. 
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6. CONCLUSIONS 
Inspite of the environmental constraints faced during the 
conduct of the study, the following conclusions could be made. 
1. Sole cropping of the cash crop groundnut and intercropping it 
with pigeonpea are the most remunerative cropping systems for 
shallow black soils. 
2. Some alternative systems to the above are sole crops of 
sorghum or pigeonpea, and sorghum/pigeonpea or pearl millet/ 
groundnut intercrops. 
3. Ratoon system with early pigeonpeaCICPL 87) could be regarded 
as a second level alternative. Eventhough the second harvest 
yield was not very encouraging and the total returns were not 
high it is worth considering from the point of low operational 
costs required for this system and less risks. 
4. Although sequential cropping was feasible with very early-
maturing crops, none of the systems examined in this study 
gave comparable returns as intercrops or full season sole 
crops because of the low productivity of the short season sole 
crops. However, mung-safflower system needs further 
examination. 
5. The productivity of sole crop of pearl millet or pearl millet/ 
pigeonpea intercrop would not have been as observed in this 
study under normal circumstances. They need further 
assessment. 
6. The wheeled-tool carrier can be employed to carry out all 
cultural operations except for harvest and threshing of crops. 
Care must be taken while planting of small-seeded crops such 
as pearl millet. 
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SUMMARY 
An experiment was conducted at the International Crops 
Research Institute for the Semi-Arid Tropics(ICRISAT) during the 
rainy and postrainy seasons of 1984-85 on a shallow black soil. 
The objective of the study was to evaluate the performance of 
different cropping systems and identify the most profitable 
systems for shallow black soils. 
The cropping systems included in the evaluation were four 
sole crops (sorghum, pearl millet, groundnut and pigeonpea), four 
intercrops (sorghum/pigeonpea, pearl millet/pigeonpea, groundnutl 
pigeonpea, and pearl millet/groundnut), three sequential systems 
(mung followed by setaria, safflower or early pigeonpea cv. 
lCPLa7) and a ratoon system with a short duration pigeonpea. The 
study was conducted in a randomized block design having three 
replications in fairly large plots (6.0X20 m). Crops were 
fertilized at a moderate level,a uniform dose of 100 kg ha- l of 
diammonium phosphate as basal to all systems and 42 kg ha- l of 
nitrogen as top dress later only to cereals. Most of the 
operations except harvest and threshing were carried out by an 
animal-drawn wheeled-tool carrier. 
All crops established well except pearl millet which 
required replanting in Bole cropping and in intercropping with 
pigeonpea. Consequently the comparison of these systems with 
others was vitiated. Seasonal rainfall in 1984-85 was 17% less 
than the normal. Low rainfall coupled with a four week long dry 
spell during August/September caused severe moisture stress and 
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affected crop yields. 
The intercrops of sorghum/pigeonpea and groundnut /pigeonpea 
intercepted light similar as the sole crops of sorghum and 
groundnut respectively as long as these were associated with 
pigeonpea. The intecropped pigeonpea improved its growth later by 
compensation, but however, it intercepted less light than the 
sole cropped pigeonpea. 
Sorghum was very competitive to weeds, so sorghum-based 
cropping systems showed very little weed growth. Weeds grew up 
well in pearl millet/pigeonpea intercrop similar as in sole 
pigeonpea because of the delayed establishment of pearl millet. 
Generally weed growth was high (especially in the later stage)in 
low canopy crops such as groundnut and mung, and slow growing 
pigeonpea. 
Crop yields were generally low. Sole sorghum yielded 2.46 t 
ha- l and intercropped sorghum averaged 78% of the sole crop (1.92 
t ha- l ). Pearl millet produced only 0.8 t ha- l in sole cropping 
and about 68% of that in intercropping with groundnut or 
pigeonpea. Sole cropped pigeonpea of medium cultivar (ICPI-6) and 
early cultivar (ICPL 87) yielded similarly at about one t ha- l • 
The competitiveness of intercrops on pigeonpea was in the order: 
sorghum>groundnut=pearl millet. So pigeonpea intercropped with 
sorghum yielded only 36% of the sole crop compared to about 65% 
in intercropping with pearl millet or groundnut. Groundnut in 
i h -1 i d . sole cropp ng produced 1.2 t a while t average 1n 
intercropping 0.77 t ha-1• The postrainy season crops gave low 
82 
yields (0.32 to 0.42 t ha- l ) except setaria which gave 0.84 
t ha- l • 
Despite low pearl millet yields, the millet/pigeonpea 
intercrop showed higher LER advantage (36%) over sole cropping 
compared to other intercropping systems. Pearl millet/groundnut 
averaged 32% advantage, whereas groundnutlpigeonpea showed 23% 
and sorghum/pigeonpea 14% advantage over their respective sole 
crops. 
Sole cropping of groundnut was the most remunerative system 
with a net profit of Rs 3867 ha- l • This was followed by 
groundnut/pigeonpea intercropCRs 3700 ha- l ). Sorghum/pigeonpea 
intercropping and sole crops of sorghum or pigeonpea gave about 
Rs 3000 ha- l , the intercrop showed only a marginal advantage over 
the sole crops. An intercrop of pearl millet/groundnut also gave 
similar type of profits. Because of poor pearl millet yield, the 
returns from millet/pigeonpea intercrop were low at Rs 2175 ha- 1 
which compared only with the sequential systems. 
The ratoon system with early pigeonpea was more profitable 
than the sequential systems but this system was still less 
attractive compared to sole crop of medium pigeonpea. 
Considering the limitations of the environment, it appears 
that sole cropping with full season crops such as groundnut, 
sorghum, or pigeonpea and intercropping with pigeonpea are the 
appropriate cropping systems for shallow black soils. 
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Appendix I: ~teorological data collected at IffiISAT Center frau JWle 1984 to 
February 1985. 
(Standard ~k wather data fran ~k Nos. 24 to 52 for the year 1984), 
STD RAlN F:V~ !-lAX. MIN. R.HU R.HU WIND SUN SCi. .RAD IATlON 
rlF1X um um '1Dl TF.l1 0717 1417 kph SHINE (LY/IJAY) 
24 85.3 47.8 31.7 22.8 86.6 55.4 19 2.2 322 
2S 2.4 72.3 34.4 23.5 76.9 40 25.2 8 485 
26 3.8 62.1 32.8 23.5 76.1 45.4 20.2 4.3 358 
27 21.6 46.4 31.8 23.1 82.3 57.1 20 3.7 348 
28 36.8 43.5 31.5 23 84.7 55.4 lO 4.8 370 
29 68.1 27.6 28 21.4 91.6 73.6 14.6 2.9 312 
30 25.2 30.7 28.2 21.9 91.3 77 11 3 332 
31 149.6 22.9 26.5 21.4 93 77.3 12.9 3.3 304 
32 14 40.4 29.5 21.7 88 60.6 14.9 5.3 389 
33 0.3 46.3 29.8 22 82.1 54.6 14 5.1 384 
34 0 45.2 30.9 22.6 79.1 SO.7 9.9 7.1 41.2 
35 3.2 48.4 30.6 22.3 79.6 52.9 12.1 5.3 371 
36 0 50.5 31.1 21.8 76.7 42.7 9.8 5.5 442 
37 73.5 27.9 28.5 20.9 90.9 69.4 7.2 5 367 
38 13.4 33.9 30.7 22.1 92.3 55.4 4.6 7.3 450 
39 12.3 34.3 31.1 21.3 92.1 58.1 4.5 7.9 439 
40 0 40.1 31.6 21 84.3 44.4 6.9 8.7 488 
41 73 33 28.8 20.6 89.7 62.3 6.8 5.5 350 
42 0 36.3 30.4 18.7 82.9 33.9 L •• 7 9.3 475 
43 7.4 33 30.7 19.1 86.4 48.1 4.3 9.4 433 
44 6.4 35.9 29.8 18.4 86.3 41.6 5.6 9.4 426 
45 0 39.1 29.5 14.9 85.1 39 5.6 9.8 455 
46 0 42.6 28.5 14.7 73.3 31 6.4 6.9 385 
47 0 39.6 27.7 10.9 76.4 23.6 6 10.5 430 
48 0 39.8 26.3 10.9 79.3 30.4 7.7 9.2 382 
49 0 31.2 29.8 17.3 88.4 44.1 5.5 8.1 350 
SO 0 36.3 29.9 12.3 79.7 24.6 4.2 10.5 4Ol. 
51 0 34.7 28.6 10.9 84.3 24.9 4.7 10.3 389 
52 0 36.9 28.7 14 83.4 34.5 5.8 9.8 331 
STANrWID W EEl<. W EA1lIER MIA m:11 WEEK lllS. 1 10 7 FtR 'IlIE YEAR 1985 
1 1.8 29.5 27.7 16.7 92.6 50.6 18.6 8 338 
2 0 38 29.1 17.4 90.3 38 10.3 8.3 367 
3 0 38.7 28.9 16 92.1 35.1 8.9 9.4 377 
4 0 41.7 29.3 15.8 85.4 37.7 8 9.7 417 
5 0 48.5 31.2 17.1 84.3 28.6 9 10.4 438 
6 0 47.6 33.1 16.4 66.1 23.6 5.6 10.2 432 
7 0 56.2 33.2 18 79.3 22.4 8 10.4 457 
Appendix II. Input an:! output costs considered for different crops in IDrking oot t~ 
IIVnetary returns of cropping systems. 
1. Seeds 
Sorglum 
Pearl millet 
Pigeonpea 
Groundnut (Kernel s) 
l1.mgbean 
SafflCMer 
Setaria 
2. Fertil izer 
- Urea 
Seed ratlJ 
(Kg ha - t 
10 
4 
10 
Seed co~t 
(RsKg--') 
9.00 
9.50 
3.30 
100 (Kernel s) 6.38 
20 4.68 
20 3.95 
3 0.85 
Rs 2090/ton 
- Diannoniun Phosphate(W) Rs.3350/ton 
3. Pesticide 
Rogor 30 EC Rs 62.00/1 itre 
Thiodan 35 FX: Rs 62.00/1 itre 
Market val ue of the produce 
Grain or Stover 
pod 
----(Rs Kg-1)---
1.40 0.25 
1.50 0.20 
3.30 0.15 
3.80 O.SO 
4.68 O.SO 
3.95 
0.85 0.20 
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Appendix III. Variable costs estinnted for different cropping systems • 
Cropping Systems Seed Cost Fertilizer Pesticides Labour cost Land preparation TotLll ; 
(Rg 00"·1 
and pI ant ing 
Sorghun 90 l1l 846 130 1177 
Pigeonpea 33 53 172 909 130 1297 
GrCllll'ldIU.lt 639 53 24fJ 846 130 1908 
Pearl millet 28 111 846 130 1115 
Sorglm/Pigeonpea 123 III 172 1036 130 1572 
Pearl millet/Pi.geonpea 61 111 172 1036 130 1510 
Pearl mlliet/Groun<hmt 667 III 24fJ 717 130 1865 
i Groondrut/Pigeonpea 672 53 412 1036 130 2303 
fung-8equent ial Earl Y 156 53 172 625 190 11% 
Pigeonpea 
~Sequenti.al Saff1(J.1er 169 53 172 625 190 120~ 
~-Sequential Setaria 94 53 625 190 %; 
Earl y Pi.geoopea- Ratoon 64 53 172 630 130 104! 
a = Values 't.\'!re adjusted to the nearest rupee. 
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Appeooix IVa: fuan sums of squares fran analyses of variance of different paranleters of crops in 
different cropping systems. 
Sorghun Pearl mill et }lu~ bc.an 
DF }SS 00 DF }SS 00 DF }f)S 00 
Crop stand(Plant ha 7.129E8 4. 763E7 2 8. 512E9**5.452E7 2 4.919E8 2.010Ef 
rays to 50% 
Fl. OIol:ring 1 
Height (an) 1 150.00 21.00 2 30.11 57.78 
Test ~isht(g) 1 2 0.778 Ull 2 0.4444 0.4444 
Head length(an) 1 1.5<XX) 0.5000 2 0.778 2.611 
Grain/pod yield(kg ha ) 1 426667 170741 2 67350 52309 2 62 5429 
Stover /haul rn/ stal k(kg ha 1 649446 183834 2 243889 47589 2 355 13025 
Error D.F 2 4 4 
Appenlix IVb: fuan SllilS of squares fran arulyses of variance of different paraucten; 
of crops in different cropping aystdllS. 
Medium duration pigeonpea Groundrrut Earl y pieonpea 
DF MSS 00 [f }f)S 00 DF }SS DB 
Crop Stand (Plants ha 3 1.36OE9"k"k 9. 919E6 2 8.259E9**4.164E8 1 5.108EIO** 4.713£8 
rays to 50% fl OIol:ring 3 34.306** 1. 306 2 O.TIB 1.111 1 2204.167i~ 4.167 
Height (an) 3 63.2 123.1 1 604.67* 32.17 
Test Weight (g) 3 11.000 9.917 2 1.444 2.778 1 337.50 40.50 
Grain/Pod Yield(kg ha ) 3 253533* 33152 2 214659* 14117 1 752604* 24272 
StOler /Haulrn/Stal. k(kg ha ) 3 3989951** 296195 2 643112* 68222 1 936940 78691 
Primry Branches (kg ha ) 3 0.9722 0.3056 
Secondary branches(Plant ) 3 8.750 8.333 
Pods (Plant ) 3 2216 1538 1 240.667* 2.667 
Error D.F 6 4 2 
Appeooix IVc: Mean suns of squares fran anal yses of variance of different paraIreters 
Ii' Error DF }SS m:; 
Weed dry I1Iltter at 62 days 11 22 1496 1143 
Weed dry matter at 99 days 8 16 29245** 6021 
Weed dry matter at 141 days 6 12 18827** 4553 
Pigeonpea yiel d in ~ area 3 6 44903 9944 
GrOlIDdnut yield in um.oeeded area 2 4 215471* 15793 
r.rn 3 6 0.03 0.05 
Gross returns 11 22 5131481** 400754 
Net returns 11 22 3076469** 392581 
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